one, 


A Funchonal Survey 
m 12 Pages 
of Electrohydraulic 
SERVO VALVES 





A McGRAW-HILL PUBLICATION 


PRICE 50 CENTS 





For Increased Reliability 


Magneticaity Gated 
Transistor Servo Amplitiers 


EER ASCOPE 
CELE PRO -NEAGNA De eT ® 


COM PONENTS 


Where top performance and 


sustained accuracy are a TYPICAL 
“must”—specify Electro-Magnetic APPLICATIONS 


For driyj : 
Components, designed, developed riviNg servo mo 


tors, A.C. electro hydrau 
and manufactured by Libras¢ ope =o leroy 2 

lated torque devices jn 
all types of contro] 
POSitioning 
tions 


anc 
Analog Digital Converters e 


applica 


TYPICAL 


APPLICATIONS SPECIFICATIONS 


TYPICAL 
APPLICATIONS 

Non ambiguous Shaft 
Position to Digital con- 
verters for Gray, Binary 
and Binary Coded Deci 
mal systems. Used in 
digital airborne controls 
machine tool controls 
or wherever position 
data must be translated 
to digital form 


se Ns . 


F Binary, Gray, B.C. 0., and 
begets 


sei mr see tinder 4 in, oz, 


Sate “A 


A complete 
Sion Re 
for 


line of Precj 
ad-Re, Ord he 
all types of 
netic drum n 
tems 


able rf 
Dle pe rforman: e is 
Sentia] nh 


ads 
Mag- 


relj 


SPE ¢ als ATIONS 
nt Fry 


Load: 
25 watts, 60 cycles 
Ambient Temp. Ranges: 
~55°C to +.55°¢ 
Input Impedance: 
10,000 ohms 
Case size: 
2%” dia. x 4%” 


SERVO CROSSOVER NETWORKS 


can be furnished for printed cir 
cuits, plug-in or direct wiring 
for various input and output im 
pedances and various transmis 


s10n systems 


PACKAGED CIRCUITRY 


custom designed and manufac 


tured to customer specifications 


If you have a problem concer ning complete 


computer/control systems—contact Libra cope 


: " sh vecesey +  UnGOF S In. 02, 
BCD... under 8 In, 02, 


& 


Sg a | 


Re ie 


IBRASCOPE 


LIBRASCOPE, iNC.-+ 808 WESTERN AVENUE + GLENDALE. CALIFORNIA 





Why does 
the 


= To}ei iele), Mag?) -) = 


in the 
ASHCROFT 
DURAGAUGE 
insure sustained 


accuracy’? 


8 TUBE MATERIALS p t selection of the 
best metal for parti ula ervice condition These 
materials include phosphor bronze, alloy steel 
FOR FAST SERVICE, cerns , 
K” Monel, stainlk tee! al 
get in touch with your 
Industrial Supply Dis- Every Bourdon tube used in the Ashcroft Duragauge 
tributor. He is fully ac- Ln aathiacmile alitian enecabl 
‘xlra-W 1 lig y isit ( 
quainted with Ashcroft 
Duragauges and their 
proper selection for all or brazed, then stre relieved ; f mb 
kinds of application: to assure maximum safety and ol tructure 


beryllium coppe! 
17 


pressure changes. Socket and oints i velded 


or highest corrosion resistance ar trength 


f 
Fach tube assembly is “whip tested” at pulsating 


pressures approximately 50 | 


pl ure rating to insure Calli! 


The Ashcroft Duragaugse 

all-stainle teel movement « aint tes 

with nylon bearings and pinion ar. A choice 

of case designs and material al $17 and pressure 
ranges readily satisfy the mo 

requirements. Whatever the wo ure 

or corrosive conditions of yo Oo pecify 
Ashcroft Duragauges and be 


u tained accuracy and lon 


in Canada: Manning, Maxwell & Moore of Canada Ltd., Galt, Ont 


(" MaxweiL A product of MANNING, MAXWELL & MOORE, ONC. STRATFORD, CONNECTICUT 


of ° 

E o i MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVE AMERICAN MICROSEN 

FH M rn INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertow hA CONSOLIDATED’ SAFETY 

{ rence wane } RELIEF VALVES, Tulsa, Oklahome. AIRCRAFT CONTROL PRODUCTS, Danbury 4& Stratt j Inglewood, Calif 
: SHAW -BOX AND ‘LOAD LIFTER’ CRANES BUDGIT AND ‘LOAD LIFTER’ HOIST AN THES j Pe ALTIES 
tad Muskegon, Mich 





EXCLUSIVE |ADVANTAGES OFFERED BY 
SERVOMECHANISMS 


Foundation Boards, with 
drilled holes, can be 
combined in vertical and 
horizontal planes and 
because the boards are 
cut from rolied stock 
stress-relieved and 
ground fiat, they will 
not warp 





2 


Mounting Blocks can be 
rotated and moved in 
any part of 360°. Captive 
nuts are free to travel 
the length of the base 
slot. This permits the 
biocks to be adjusted in 
a lateral direction 





. No worn thread trouble 
eee Steel captive nuts in 


mounting biocks are 

herently reliable, and 
can be replaced if dam 
Servomechanisms’ Mechanical Development aged. 
Apparatus—an assortment of precision-built, 
mechanical components such as mounting blocks, 
shafts, gears, cams and couplings — offers exclu- 
sive advantages not found in similar equipment. 
MDA is ideally suited for use in prototype and 
small quantity production equipment where . 4 


valuable design and procurement time can be 





Gears are attached to 


saved by using Servomechanisms’ off-the-shelf 
equipment. 

And, in the lab, MDA is widely used to simu- 
late instrument and control systems in the bread- 


shafts with tapered 
lets which fit securely 
into integral tapered 
hubs. Guaranteed true 
balance and concen- 
tricity 


board phase. At the completion of a breadboard 
evaluation, this equipment can quickly be disas- 
sembled and reused in other laboratory projects. 

The immediate delivery of these versatile pre- 
cision-built components, plus the exclusive advan- 
tages listed, combine to make this equipment 
extremely economical, practical and easy to use. 





SERVOTIUCIOLNISMS 


PACKAGED FUNCTIONAL COMPONENTS 


Mla /n MECHAKIT 


a carefully chosen assort 


ment of Mechanical Devel- 
For complete information write for catalog to opment Apparatus in a 


COMPONENTS DIVISION convenient, durable plastic 
625 Main Street, Westbury, L.1., New York case 
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Do you SHOPTALK 


think about 
MORE FEEDBACK FROM EUROPE 
Angular Last April’s Industry's Pulse, the work of Netherlambu 


lating Mel Fusfeld, was an example of the kind of reports 

° we have been promising on overseas control technology 
Acceleration? his month we go to Athens (Control Personality page 

13). Our reporter is Prof. John A. Hrones, director of the 

Dynamic Analysis & Control Laboratory at MIT. John, 

SOLARA Ls who is on a four-month junket through Europe, arrived in 
Athens on Feb. 20. His sketch of Nick ‘Theophanopoulos 

shows he’s already living up to his promise to send us 


does reflections “on what he can see of the state of the art 


Next month we will publish a Hrones’ eye-view of Italian 


...and uses Statham Angular industry and the Milan Conference on Automation. Mean 
A while, Mel is also on the move: we plan a discerning 
ccelerometers to test... Pulse, originated by him, on the emergence of Russian con 


trol engineering 


ACTIVATED AUTHORS 


Associate Editor Harry Karp, just back from a three-week 
swing through the West, carried tidings to gladden an edi 
tor’s heart: “What with the scramble for engineers to staff 
the many new plants, it appears that companies are encout 
aging ‘professional recognition’ to hold their men. Onc 
important facet of this seems to be published articles 
Convair in San Diego, for example, not only makes it com 


pany policy to persuade its men to write—but will pay them 


for articles published (if the magazine is a nonpayet 
Harry’s full briefcase proved these companies mean business 


WELCOME JACK JOHNSTON 


When Marion Long, a Consulting Editor since our first 
issue, found he was moving around too much to keep in 
touch with us, he suggested we put someone else in his 
spot. As our masthead shows, our luck is holding—now w« 


Statham unbonded strain gage liquid have du Pont’s Jack Johnston Ctk, April 55. p ll) to 
rotor angular accelerometers offer a : 
simple, reliable means for the study of prod us and kee p Us abreast of the Process held. ‘| hanks 


the rotary a te , 
« re motion of a test body under much, Marion, for your fine he Ip Welcome aboard Jac k 
cone itions where ua fixed mechanic al - 

reference is not available. For static 

and dynamic measurements in ranges 


from *1.5 to +3,000 rad/sec? four Our Consultants do get 
standard models are offered. around. Last month in Shop- 
Please request Bulletin AA2 talk we told how Groucho 
encountered Grabbe. Here’s 
the proof. The man with the 
high forehead is Gene. On 
the left is his comely quiz 

partner. 
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puters, é ectromechanicss 
lectronics, 


suBJ 


We got tired of aefining response time.- +59 we got rid of 
it. Here'S now: 
is rarely 4 problem if yacuum-tube 
techniques can be used- Correction for 
id load or Line fluctuations is fast, and & smal 


rap 
utput wi "soak up" 


capacitor across the power supply ° 
the small transient which occurs. 
Above_ 80 ampere OF two, nowever, tne series regulato! 
is pretty sade 1090 not. Inefficient: Expensive- Too 
many tubes. Too much maintenanc®’- t is especially 

sad at low output yvoltages- 

We say this without prejudice.++!0F we build all seve” 
types of electronic power 5 coe. including dozens of 
special ceries-regulator its ever month. 

But, when 4 customer comes to us for & recommendation 

, & 10-40 volt, 20-ampere unit to actuate 4 nigh- 
speed Fegeengine valve~++0te” 150 volt, gg-ampere unit fo! 
a computer plate cupply-++it he needs freedom from tran? 
lags, We recommend the only system We know that will 


meet his re juirement economically -- NIE Zero-Lag 


our zero-laes system exnibits no 1ag bec 


Basically» 
reg slated region: 


the voltage never leaves Lie” 
Here's tne circuit: 


BATTERY 


} 3) 
' he awee ¥ re 
TYPICAL MAGNETIC 


qe ZERO-LAG oc system : 
REGULATOR 
thyratron response speed and in the 


The tr ck iS in the 
yalue of “Y ~ which 1S often as mucn as a tarad Don't let 
anyone ever tell you the farad isnt 4 practical ynit — we have 
; working in the field right Now.’ 

sient problems in the 0 500 volt, 0-100 
ampere range—™ ite The “lag in our custom quota 
%, tion department iS i ne wee but the '48 in our power! 
is zero absolute! 4 


supp 1€> 


VOLTAGE 


*— 02 SECONDS —*# 


CURRENT 


For our compl 

q ete 

_ of electronic 
wer supplies 


UIDE 
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ultta- 
sensitive. 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. | inaseries by Barber-Colman Company | 


BARBER 
COLMAN 


The circuit drawing below indicates just 
one of the hundreds of ways many manu 
facturers are utilizing Barber-Colman Mi 
cropositioner ultra-sensitive relays to solve 
complex control problems. Could this be 
the answer to some of yours, too/ 


§ 9 


TRANSFORMER 


peeueeces  o - ~ acs 
_ source 
MICKOPOSITIONER 


i 
() (i )morocent 
—— oa 


Lt 4 + 


’ 


PHOTOELECTRICITY APPLICATION 








{Tox5"} 


Many stages of electronic amplification in 
photoelectric controls can be completely 
eliminated with a Barber-Colman Micro- 
positioner, since a current generating pho 
tocell alone provides sufficient power to 
operate this relay directly 


A Micropositioner operating on 50 micro 
watt input (with fine silver contacts rated 
at 1 ampere, 110 vole 60 cycle, resistive 
load) és essentially a tubeless amplifier 
capable of two million times amplifica 
ton. 


Among the many applications for this 
simplified, non-electronic photocell con- 
trol are: punch press safety controls 
emergency lighting controls . door 
openers burglar alarms. . . level con 
trols . packaging, sorting, filling, and 
materials handling controls plus many 
other automation functions 


If you are developing an application call 
ing for photocell control, why not make a 
test with a Micropositioner designed for 
circuits similar to that shown above? 
W rite for technical bulletins 

F7279 and F43961-5. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types...plug-in, solder-lug, screw 
terminal, hermetically sealed. Operate on 
input powers of 50 to 1,000 microwatts 
for use in photoelectric circuits, resistance 
bridge circuits, and electronic plate cir 
cuits. Send for data 


Barber -Colman Company 
Dept. F, 1448 Rock Street, Rockford, Minos 
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Time, tide, and computers 


The editors of this magazine con- 
trol the processing of ideas from au- 
thors through the printing press to 
the reader. We plan articles (estab- 
lish set-points), hold authors to dead- 
lines (process dead-time), reshape and 
organize their manuscripts (data re 
duction), and send out material to the 
printer on the one day of the month 
that he prints the magazine (on-the-fly 
synchronization with the “muscles” 
of our process), 

Normally, developments and inno- 
vations in the products used in our 
field do not move so rapidly that they 
outstrip our time-consuming process. 
But small-scale computers are an ex 
ception. Our readers report that the 
article “Small-Scale Computers as 
Scientific Calculators”, by John W. 
Carr III and A. J. Perlis, published in 
our March, ’56 issue, is an excellent 
and useful roundup of information, 
accurate up to the time that the au- 
thors dropped their pencils. But be- 
tween the time that they made their 
last literature check and the time that 
we mailed the issue, computer inno- 
vations went on apace and new litera 
ture issued. ‘To bring the article more 
completely up-to-date (April 24), we 
print here new information received 
from manufacturers since the article 
was published. It is clear that we 


could run a column of such informa- 
tion every month. But the better 
procedure is to invite Carr and Perlis 
to take a new slice at the end of this 
year and author a repeat article that 
will include all improvements since 
their first article. 


Bits on Logistics Research's Alwac 


Purchase price: $48,000 
Monthly rental: $1,775 (4,096 drum) 
$2,050 (8,192 drum) 
Words of internal storage: 8,192 
One address in instruction 
Operations per sec: 
Normal mode: 13 
With optimum programming: 38 
Photoelectric reader: 400 digits per sec. 
he manufacturer states that Alwac: 
1) can modify location of previously 
written instruction addresses with- 
out extensive programming. 
has subroutine operation as a stand- 
ard operating feature. 
has optional magnetic tape storage 
units with: 
256,000 words per tape 
$10,000 tape unit cost 
10,000 characters per sec read- 
ing or writing speed 
144 sec average tape search time 
control for 16 tape units, max 
uses the rapid-access loop technique 
has an optional 400-digit-per-sec 
input reader 





THE PROBLEM FORUM 


. is on the road again. We are certain that many of 
our readers can solve the technological problem posed, but 
who can meet the economic challenge? Take a crack at it. 
We'll pay for unique solutions and we'll continue honorariums 


for problems that we publish. 


Nerprp: a 5,000-point temperature 
alarm system that monitors in 50 
groups of 100 each. All within any 
group have the same pre-set tempera 
ture of between 85 and 105 deg C 
I'he specified accuracy is within plus 
or minus 2 deg. C. Required: only 
low-t mperature alarm; automatic shut 
down is unnecessary. Once per hour 
per position scanning 1s satisfactory. 

APPLICATION: monitor surface tem 
perature of 5,000 brass concentric 
tube heat exchangers 24 in. long and 
one in. in diam. Distance between 
control panel and measuring points 
max, 500 ft; average, 50 ft. As the 
measuring area is often contaminated 


with explosive vapors, the energy limit 
of ac circuits is 200 ergs per cycl 

Adjustment of alarm temperature 
for cach group of 100 points from a 
central location is a desirable feature 
but to minimize cost, manual setting 
of each point is acceptabl 

[he savings will be from: 1) reduced 
labor costs, as Operators now make all 
readings with portable pyrometers 

isolation of faulty product befor 
it leaves the department for subse 
quent manufacturing 

Allowable total installed cost: $10 
to $15 per point; $30 per point defi 
nitely prohibitive-and just that i 
the problem 





6) programming characteristics given 

in Table III, page 103, should read: 
ABCDEFGH 
eQDeeeef 0 


Bits on Bendix G-15: 


New brochure No. 2-4 and manufac- 
turer's letter indicate: 

1) average access time for main mem- 
ory: 144 millisec. 

2) average access time to 16-word 
rapid-access memory: 0.54 millisec. 
magnetic tape units, with storage 
of up to 300,000 words, read or 
write at 74 in. per sec; average scan 
six times as fast. Maximum of four 
tape units attachable. 
punched-card input-output equip- 
ment at speeds of 17 and 11 char- 
acters per sec, respectively, are 
available. 
optional digital differential ana- 
lyzer has a capacity of 108 integra- 
tors, or 108 constant-multipliers 
with a speed of 34 iterations per 
sec, 


Bits on Burroughs Corp.'s E-101 


Has either a 100- or 220-word 
memory for numbers. 
Orders can be supplemented by in- 
structions from a paper-tape loop 
read at 20 characters per sec. 
Output ganged printer prints up 
to 24 digits per sec and direct key- 
board input enters “trailing zeros” 
automatically. 

4) Has a “return jump” feature from 
subroutines. 

Finis until the next annual roundup. 


Ed. 


Notching motor catches the eye 


lo tHe Eprror 
We are at the present time involved 
in the development of new digital 
techniques and very much appreciate 
the article “Flight Control and the 
Digital Computer’, published in your 

October, 55 issuc 
The notching motor (mentioned 
in the article) is particularly interest 
ing to us. Are such motors shelf 
items? Is it possible to obtain them? 
If so. where? What is the smallest 

physical size of such a motor? 

Frank P. ‘Tomaiuolo 
Phe Newton Company 
Manchester, Conn 


and author answers 


The bidirectional notching motor 
used in the project was designed 
under another classified contract at 
Hughes Aircraft Co. and only two 
models were built. Recently several 
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THE Jet Pipe AGE IS HERE... 

FOR PRESSURE, FLOW, COMBUSTION 
OR RATIO CONTROL 


ASKANIA | 


Jet-Pipe Regulator 


... the simplest accurate long- 
life solution to any regulator problem 


e Check your most desirable specifications for the peat regulator to 
control pressure—flow—combustion—proportion—other variable 


Do they include 


1 Rugged Construction 2 Dependability 3 Long Life 4 Accuracy 5 Speed 
6 Inexpensive Maintenance 7 Unimpeded Operation in Freezing Weather 
8 Freedom for use ANYWHERE? 


All these features are common to all ASKANIA Jet-Pipe Regulators. 


From Minute Signal to POWERFUL FORCE 


The real magic behind the Jet-Pipe Regulator is the power which can be 
initiated by a minute signal—the degree to which the signal can be amplified 

and the speed and accuracy with which it can be transmitted, The conver- 
sion of kinetic energy (velocity pressure) into potential energy (static pres- 
sure) is an important factor which multiplies the dependability you can 
expect in every ASKANIA control. The heart of ASKANIA Regulator the 
Jet-Pipe—is practically frictionless. Bearings are continuously immersed in 
oil. Condensation and freezing are impossible. In every way, ASKANIA Reg- 
ulators are designed and built for continuous, trouble free service over 
the years. 


Applicable to these Controlled Variables : 
PRESSURE (Gage, Absolute & Differential) « DRAFT « COMBUSTION « FLOW 


LEVEL ¢ DEPTH « RATIO © SPEED © DENSITY « CONSISTENCY « EDGE POSITION 
AND OTHERS 


What is your problem? For further information on the type of regulator 
control which best fits your operation, send today for Bulletin No, 139 
and 155. Write the ASKANIA REGULATOR COMPANY, 266 East Ontario St., 
Chicago, Illinois. 


ASKANIA aecutraror company 


“CONTROLS FOR INDUSTRY’’ 
HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 
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Subsidiary of Daystrom Inc 


PROBLEM: 
find the “pot” 


The Model 300-00—smallest, most ruggedly-accurate wire- 
wound potentiometer on the market! 


If you are having trouble finding the right “pot,” a “pot” that 
will fit into the tiniest space, weigh less than an overstuffed 
feather, and still provide unexcelled accuracy and resolution 
characteristics, you will want to know about the Model 
300-00 sub-miniature, wire-wound potentiometer produced 
by DAYSTROM POTENTIOMETER, and now improved even 


over the high-performance original 


So SMALL and COMPACT it can easily be covered by a dime (3/16 


inch thick), One half as large as its nesrest competitor 


So RUGGEDLY ACCURATE it can be used for the most exacting 
applications 

* High Power Rating 

* Extremely Fine Resolution 

* Operable Over Extreme Temperature Ranges 

* Designed to stack (21 per cubic inch) 


The Mode! 300-00 is just one of the many production or custom 
made potentiometers available from DAYSTROM POTENTIOMETER 
The Model 300-00 and its big brother -the 303-00 (higher resistance 


values)—are available out of stock 


Openings exist for highly quelified engineers 


|[ <cxroranon 


11150 La Grange Ave. West Los Angeles 25, Calif 


POTENTIOMETER DIVISION 
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narket. Sor 
ire: 

Sigma Instrument 
Braintree, Boston 5 
Sterling Engine 

Ind 
Stepping Moto 
Calif 
Nemeth 


Slubbers passed wrong 


lo tue Eprror 
\s the manufactur 
unt vool carding 
ment, we were very intere 
the review of thi 
05 and 107 of the | 
edition ot ConrroL Is 
We should like to drav 
tion to the last sentence 
graph at the top of pag 
sentence refers to the fact 
lubbers are rubbed into the tubes in 
preparation for the weaving proc 
but we would draw your attention to 
the fact that the slubbings ar passed 
to the spinning frames as th 
part of the proce 


Lancashire Dynamo Electroni 
Products, Ltd 
Rugely, Staffordshire, England 


Seeks literary nostrum 


lo tHe Eprror 
In your article in the April 195¢ 
issuc, page 19, you indicate that Mi 
Zicbolz has publi hed a paper on th 
ubject of patents. I should appre 
your citing the publication in whicl 
this article appeared ) if it wa 
in independent publication, whe: 
iy I obtain a copy 
I. Jordan Kunil 
New York Cit 


Mr. Ziebolz has written two vol 
umes under the title, “Analysis and 
Design of Translator Chains”. The 
first volume contains text, the second, 
diagrams. Both volumes were pub- 
lished by Askania Regulator Co., Chi 
cago, Ill. Ed. 


Editor's debris finds a home 


lo ine Eprrer 

Ihe editor of Shoptalk 
issuc, mentioned a Nyl 
th rmocouplk among thi 
debris” cluttering his de 





KOLLSMAN 


synchronous 
differential 


... mM production 





- 


compact—only 2% x 41% inches. T 


t 
lightweight — 28 ounces. OUTPUT 


N, -N, 
2 











inherently accurate — driven by 
synchronous motors 


in one package—a half-speed synchroscope 
Sle lic . . . ae 
for many 60 cycle and 400 cycle applications with High Sensitivity plus | usable torque 


operates from single or polyphase sources This versatile half-speed synchroscope mates two tiny 


0 hysteresis-type synchronous motors of variable frequency, with 
maximum torque — 1.0 oz./in 
q an unusually efficient differential gearing tem—all in one 


compact unit. The output shaft rotates at a speed equivalent to 


Kolisman’s control engineering specialists % the difference between the speeds of the tv ynchronous 
are ready to work with you on your specific motors 
application. Write for information Thoroughly tested and perfected for military use, the Kollsman 


today and tell us your needs. precision SYNCHRONOUS DIFFERENTIAL is now available for a 


wide range of commercial applications in speed and position 


control, flow control in process industries, and computer appli 


cation to suggest but a few 


CAREER OPPORTU NITIE We have oj; 


al and electro 


mechanical engineers and senior technicians u i intereated 


kollsman sentreetpanind KOLLSMAN MOTORS 
CORPORATION 


AND SYNCHROS 
+> - 


KOLLSMAN PRODUCES: Flight Instruments « Precision Computers and 
Components © Engine instruments « Optical Systems and Components « 
Navigation instruments « Precision Flight Controls « Motors and Synchros 

P. M. generators 
© Precision Test instruments for Aviation and industrial Laboratories 





Serve motors + Rate generators 
Serve motor-generators 


Synchronous motors + Synchros 








80-06 45th AVE., ELMHURST, NEW YORK + GLENDALE, CALIFORNIA + SUBSIDIARY OF Standa rd CON PRODUCTS CO. INC 
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Comar 
Qualifies for 
U.S. Army 


Signal Corps 
RIQAP 


(REDUCED INSPECTION QUALITY ASSURANCE PLAN) 


fe 
Comar Electric Company is one of the first relay 
manufacturers to qualify under the United States Army 
Signal Corps Honor Inspection Program ... the Reduced 
Inspection Quality Assurance Plan... RIQAP. Comar’s 
qualification for this honor is based on a proven record 
of consistently producing products of high quality, equal to 
or better than the Acceptable Quality Level established by 
the Government. The same rigid quality control 
and inspection methods necessary to win RIQAP approval 
are embodied in all Comar products. 





OQIM AP vecraic COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 
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appreciate information on this, or 

aid to the manufacturer for 
product information 

Alvin B. Kaufman 

Arnoux Corp 

Los Angeles 


Ihe Nylon-insulated thermocouple 
is manufactured by the Revere Corp. 
of America, Wallingford, Conn. Fd. 


Errata, addenda from author 


lo sHe Eprror 

In giving the April article on select 
ing power control valves a quich 
once-over, | came acro 1 funda 
mental error in the discussion of the 
pneumatic system. On page 76 about 
half-way down the right-hand column 
there is a sentence which start Ihe 
value of k, is” k,2Cyw\/P p 
Obviously this equation is for flow of 
hydraulic fluid through an orifice and 
not the form of an equation that 
expresses the flow of gas through an 
orifice. In looking back through my 
original manuscript | find that I did 
not show where I had gotten k, for 
the pneumatic case. | simply said 
‘When the desired value of k,k,k, is 
used, the steady state load sensitivity 
is found to be...” 

It looks as if the simplest way to 
correct the article is to say under 
pneumatic operation that k RT,/ 
gP,). oW,/oX, where oW,/oX wa 
found from the measured flow charac 
teristics given in the previous artic 
(March, ’56 issue 

]. Lowen Shearer 
MIT, Cambridge, Mas: 


Everybody's showing it 


lo rne Eprror 
I have been extremely interested 
in the articles and correspondence 
appearing in your excellent journal 
ContTrROL ENGINEERING 
Difficulty was experienced, however, 
when making Gray to binary conve 
sions as specified by your correspond 
ent, David C. Crocker, in your Jan 
uary issue. I suggest, therefore, that 
a better method of illustrating th 
conversion procedure would bx 
Original code 
, 


= -, 


r 
8) | | 
Z 4 A 1 
i a3 'y } y 
0 ee 
4 “ ) 


ym 


Extra 2ero Binary code 


kK. N. Leney 
Liverpool england 
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Biock diagram of a typical FM carrier record- 
playback system, utilizing electronic wow 
ond flutter compensation 


ELIMINATING WOW and FLUTTER 


in magnetic tape data recording 


“brute force vs. compensation” 


The careful transport design 
that reduced wow-and-flutter to 
a negligible factor in audio re- 
cording met with little success 
in critical data recording 
despite superhuman efforts di- 
rected toward “perfect” trans- 
port design. 

It isn’t too difficult to see that 
even if a perfect transport were 
devised, it would be extremely 
costly, and limited to operation 
under only the most highly con- 
trolled conditions. That’s why 
Davies bypasses this “head-on” 
or “brute-force” approach com- 
pletely, and uses, instead, the 
surprisingly simple technique of 
electronic wow and flutter com- 
pensation. 

As incorporated into a Davies 
magnetic tape data recording 
system, compensation uses wow 


and flutter to eliminate itself. A 
constant reference 
simultane- 
ously with the data signals on an 
adjacent channel. 
speed irregularity 
modulates the reference signal. 
On playback, the discriminated 
reference signal is merely added 
out of phase to the data signals, 
almost eliminating first 
wow-and-flutter problems. 
With compensation, overall 
system performance is never de- 
pendent on the transport. For 
that matter, 
which 0.1% 


ter recording without compen- 


frequency 
signal is recorded 
Any tape 
frequency- 


order 


many a job for 
rms wow and flut- 


sation would not prove sufficient, 
can easily be accomplished with 
a 0.5% rms machine. 

The illustration shows a sine 


Oscillograph of sine wave, without (left) 
and with (right) compensation signal sub- 
tracted 


wave, recorded on a transport 
with deliberately introduced 1% 
peak-to peak flutter. 


The uncompensated sine wave 


wow and 


is to the left, and the compen- 
sated sine wave to the right of 
the line. 
Further 
role of 


information on the 
compensation in mag- 
netic tape data recording is pro- 
Bulletin 2901, “Wow 
and Flutter 


vided in 
Compensation In 
Magnetic Tape Data Recording 
(FM Carrier Systems)”, avail- 
able on request to Davies Labo- 


ratories, Inc. 
% ya) LABORATORIES 
a INCORPORATED 
4705 Queensbury Road «+ Riverdale, Maryland 
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magneto 
manufacturers 
find 


CRUCIBLE PERMANENT MAGNETS 
provide maximum energy... minimum size 


The consistently higher energy product of Crue ible Alnico permanent magnet 
enables manufacturers to use smaller, more powerful magnets in the magnetos 
of outboard motors, power mowers and other gasoline-powered equipment 

In fact, ever since Alnico alloys were first developed, Crucible has been 
supplying them to manufacturers of permanent magnet magnetos, generators 
and motors and all types of magnet-equipped devices. 

Pioneers in magnet design and production, Crucible’s magnet division is 
hacked by a half-century of fine special steelmaking. So when you have a magnet 
application it will pay you to call Crucible. Crucible Steel Company of 
tmerica, The Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


CR U C ; 2 LE} first name in special purpose steels 








Crucible Steel Company of America 
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A CONTROL 
PERSONALITY 


NICK THEOPHANOPOULOS 
brings control 


While there is no formal instruction offered in 
automatic control at Athens’ National ‘Technical 
University, you can be sure that many of its young 
thanks to 
Nicholas 


graduates have been well “‘proselyted” 
the zeal and enthusiasm of one Prof 
'heophanopoulos 

Nick built up his fervor for control while a Ful 
bright scholar at MIT in 1951-2. John Hrones’ 
Machine Design Div. and Dynamic Analysis & Con 
trol Laboratory offered the right environment. But 
it was a project of his own that really proved the 
clincher: the development of a special-purpose posi 
tion servo (and all the fascinating lore of control 
When 
he returned to Greece three years ago to a full 
professorship in Mechanical Engineering at NTU 
it was as a firm crusader for control 

(heophanopoulos was born in Athens in 1914 
and graduated from the National ‘Technical Uni 
versity—then known as Athens Polytechnic School 
in 1935. From 1935-1938 he worked in Piraeus, 
Greece, designing small steam boilers and pumps 
During "38-40 he carried on graduate work at th 
l‘echnicshe Hochschule in Berlin, where he received 
the degree of Doctor-Ingeneur. He served as a lieu 
tenant in the Greek Army in the Greck-Italian war 
1940-41) and at its conclusion put in three mor 
years doing design work in Piraeus 

In 1945 Nick returned to the National Technical 
University, and in 1947 was elected 
When the gi 
took Greece, he returned to the army 
an engineer in the ordnance department. He 
rejoined N'T'U for two years before heading acro 
‘cas for his two-year stint in Cambridge, Mas 


engineering that goes with such a project) 


a professor 
1947-49) over 


this time as 


ierrilla warfare period 


He “sets the stage”’ 
At the National 


lheophanopoulos is in charge of machine design in 
NTU’: 


educational program, consisting of a five-year course 


l'echnical University Professor 
truction and advanced work in dynamics 


in combined electrical-mechanical engineering, is an 
excellent one, and all students enrolled in it have 
very strong mathematical training. As Nick puts it 

Ihe stage is set. For while we as yet have no 
official subject called control engineering, ther 
exists a good fundamental training to establish such 
courses.” 

Nick is optimuisti 


technology in hi 


about the future of control 


countr He savs that automati 


to Athens 


Dr. Theophanopoulos, who is in the vanguard of control engi 
neering in his native Greece, has conspicuously set the stage 
for its study at Athens’ National Technical University 


| built in 


omimng into 


control systems, while large! esigned ain 
Germany, England, and the U.S.A.,, are 
wide usage in Greece. He indicates four strong area 
where thes 
hydroelectric plants that were placed in operation in 
52-54: in the thermoclectri plants of Piraeus and 
Aliveri; in the Chemical Products Co.—particularly 
industries Le 


onditioning in 


vstems are at work: in the modern 


its glass section—and in the paper 
also points to the rapid growth of au 
Greece and the attendant control tems that are 
a critical 
need arising along with this growth We need,” 
critically 


tem offered for 


required However, Pheophanopoulo ce 


he says, “people adequate lv trained to (1 
ge the appropriateness of the 
ale in specific applications, and 


jud 

technicians to 
idjustment of the 
Getting down to cases, there 
is real need for mechanical engineers with training 
lechni i] Universit 


upervise the installation a 
control equipment 


in automatic control, but 

till doesn’t offer any such 
We suspect that Nick’ 

oon—and by the man who 


This month's Control Pe 
by Dr John A. Hrone 


plea int stopover tl 
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Two-phase reversibie motors 


Ideal for use in servomechanisms, computers, null cir 
cuits. High torque. Fully enclosed. Self-lubricating 
Many variations in pinion, shaft, lead wires, and con 
struction materials available for special requirements 


Specifications 
No load speed- rpm 

Rated torque—in.oz 

Max. torque—in.oz 5S 43 

rpm for mex power 31 
Reference data " fastromentation Dots “Sheet 10 20-2 


Prices from $42.00 (lower on quantity orders) 


Converters 


Convert d-c signals as small as 10° volt to a-c. SPDT 
switching action. Sensitive, stable performance 
ideal for computers, servomechanisms, balancing cir 
cuits. Numerous special features can be provided for 
special needs. 


Available in these ratings 


| Nominal frequency, cps 2° 40 


synchronous range, cp 3-2 36 44 


Driving coil power volts, 60 ma 


Reterence data Instrumentati Data Sheets 10.20-1 and 10.20 


Prices trom $36.00 (even more favorable for quantity purchases) 
PULLER LALLA LLLP LALLAO LCL LLCO LLLP GLL LLL LCG 


Input transformers 


Handle low-frequency a-c, or chopper-modulated d-« 
signals from .0005 to 200 millivolts, such as are gener 
ated by thermocouples or other transducers. Designed 
with highly efficient shielding. 


, — ——— 
|Choose from three models 355567-1 | 356326 355567-2 

Primary turns (% primary) 600 | 1,094 400 
(center Resistance (approx) | 30 ohms 450 ohms 750 ohm 
tapped) 60 cps impedance 1,300 ohms 7,500 ohm 0,000 ohm 
Impedance, full pri 5,200 ohms 30,000 ohms 200 000 ohm 


Secondary turns | 9 600 17,500 2,000 
| Resistance (approx.) 2,500 ohm 5 800 ohm 3,400 ohm 
| Capacity to tune to 

60 cycles } 015 mid 001 mid 


Weight 5.7 oz | ).1 oz 


Prices from $21.00 (even more tavorable on quantity purchases) 


Amplifiers 


As a basic link in the servo loop, the Brown amplifier 
converts a d-c input signal to ac, and amplifies the 
signal sufficiently to drive a two-phase balancing 
motor. Readily adaptable to various measuring, bal 
ancing, and positioning applications. 

Select from these basic models 
Gain 

| (Microvolts) (Ohms) 


Sensitivity Nominal Input Impedance 


10¢ 40 400, 2200, 50,000* 


4x 10¢ 400, 7000 


12 « 10¢ } 400, 2200, 7 006 


40 x 10° 

»pectal for me impedance sources 
Prices from $98.50 (even more favorable prices on quantity order 
Reference data instrumentation Data Sheets | 4 ane 








The Electr-O-Vane control unit 


A force of 2 gram-inches or less 
actuates this precision electronic 
switch. Use it as a limit switch to 
operate valves, lights, or hopper 
openings, in response to motion of 
weighing beams or other members. 
Use it to sense other mechanical 
movements . . . for example, to op- 
erate protective devices when a dia 
phragm is bulged or near rupture 


Specifications 


Force to move vane gram-inches max 


Vane motion f ap acts 0.003 in 
Precision within 0.002 
Switch acti PDT. when vane centerline approx. 41 
left of vertical 
Load relayrating 115 volts, 5amp.a non-inductive load 


Operating power 115 volts, 50-60 cycles 


Also 230 volt model 


e attractive on quantity 


Choose Brown servo components 


UNNUOANNUUANUUANALONAAUUNANUOAAUOOAEUODEAAEALU GOLA UAATEAAUAAA AANA AAU ATTA A 


oe fast delivery 


Here are the building blocks of high-performance servo systems 
here are top-quality components for your instrument circuits, for 
research or for production applications 


These Brown components have been used for years in critical applica 
tions. They are ideal for remote positioners, null balance circuits, 
analog and coordinate translators, servo loops. Order a few for proto 
type development, or quantities for production use. Numerous special 
features can be provided to meet special requirements. 


Order now! Write or phone for immediate quotation. Delivery is 
prompt, dependable. MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Avenues, Philadelphia 44, 
Pa.—in Canada, Toronto 17, Ontario. 


Honeywell 


BROWN INSTRUMENTS 


ist we (Coutioly 


HONEYWELL 


ubject to change without f 





WHAT'S NEW 


Reelected President 

Henry Dever could cite 
a full year of gains by 
his Association* and the 


instrument manufacturing 


industry it represents. 


Some of the projects and 


progress ticked off... 


A BOOMING MARKET: research and de velopment a big instrument user—is growing 10 to 1 2' 


BOUNTIFUL SALES: 


BETTER STATISTICS: 


industrial instrument 


cooperation with Dept of Commerce } 


sales are up 27% over 


54: optical 


producing 


19° LOY, 


L: lab items 


fine market information 


SAMA Posts Year's Progress in Instrumentation 


BELLEAIR, Fla, 
dull, un-Florida-like 
tarnish 


\pril 8-13-—Som 
weather failed to 
spirit or the attire-—of 
the 410 instrument manufacturing ex 
ecutives and their wives who 
ated at the Belleview-Biltmore 
in this Florida resort 
was the 


the 


luxuri 
hotel 
The Occasion 
38th annual meeting of the 
Scientit Apparatus Makers Associa 
tion—the only organized industry 
group representing the products for 
measurement control The en 
aside from the sheer de 
light of getting away from the factory 

was due to another kind of climate 
the exceptional market climate which 
this small but choice group continu 
to operate in 

Henry F Dever, newly reelected 
president of SAMA, and president of 
the Brown Instruments Div. of Min 
neapolis-Honeywell during routine 
me Ye days, evoked this optimistic 
climate at the opening business  s« 
sion, With gross national product in 
creasing at 3 per cent per annum, and 
with an estimated $6 to $7 billion 
lated for research and development 
by the end of '56, Dever saw a bullish 
market in the for 
his industry growing short 
of manpower and in 
creasing sophistication of instrument 
systems, Dever, could 
of the instrument 
maker to satisfy this expanding mar 
ket. He cautioned those present to r 


and 
thusiasm 


next several 
But the 
technical 


years 
age 


said severeh 


tax the capacity 
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examine their forms 
policies, and their 


HIqucs. 


of products, thes 
marketing tech 


Meeting the Challenge 

l'o the Conrrot ENGINEERING 1 
porters who attended this meeting it 
was obvious that SAMA was well into 
1 program to help its members meet 
this challenge of an expanding econ 
omy. One fruitful project has been 
its representation in the Federal Gov 
ernment’s mobilization readiness pro 
gram. Fvery months SAMA 
points a man from it to work 
without compensation, as deputy to 
Nathan D. Golden, director of the 
division covering instrument product 
in the Dept. of Commerce. The pre 
ent deputy, Cortlandt Van Rensselaer 
of Hewlett-Packard Co., will later join 
past deputies in an “executive reserve” 
the nucleus of a mobilization division 
in the event of war 

Oriented and spurred by 
vith SAMA, Golden’ 
tarted furnishing these services 
industry 


1X ip 


rank 


contact 

ha 
to it 
gradual 


di sion 


valid marketing data 
disposal ot 


needed surplu povern 
ment property; promotion of exhibits 
advice on pending legislation (« 

Walsh-Healv Act) promotion fv for 


cign trad Industry’s Pulse in the 


- oe Fa Weston Eh 


UU. of P.) talk on labor relations; Dever; Nat 


; ’ ’ +} ly 
vernmen t yrtias 


deputy to ID W 


Van 
Ste 


mi infor 


' | 
I i] 


May 1 of Ctl 
mation developed by Golde 


tid Was Va 


tudi ot 


won i 


ential” 
defense (e 


Other projects 
instrument components 
g., gyros, jewelled bear 
tockpiling of skills; 
the need to geographically 
trument making plant 
Deputy Van Renssela 
1 typical SAMA-Dept. of ( 
project industrial 
tudy clectronic test 
Ihe steps involve 
1. Defining the 
there approximately 
panies with catalogs and buyer 
in this 
l'abbing the size 
volume of their busine 
Determining types of ele 
test equipment made br ich 
pany. 
+. Obtaining industry ad 
validity of incoming data 
Analyzing all information i 
light of mobilization 
\ worthwhile, 
ict of the 


has been the 


Ing 


V« ighin 


pread in 


ck ( rib¢ ad 
Omime;>rce 
an mobilization 
on equipment 
field 


Col 


the 


su 


cop of 
are 
guid 
area 


of plants and 


dollar 
3 tron! 


com 


th 


POCUUITCHH ] 
nondefens« 
above and similar 
increasing iipro 
of Bureau of Census mark 
At its annual business s« 
icw faces joined SAMA 
tion officers: Lvle Higgin 


chairman; G«e \\ 
Dept ot Con 
Rensselaer (Hewlett-Packa 


SAMA Washington 


ting 
1 D. Golden 





An award for Deputy Van Rensselaer . 


scientific Corp. is now chairman 
of the opti il section, and Ray OJ] 
on, president of ‘Taylor Instrument 
Cos., heads the recorder-controller se 
hon Also, two new directors-at large 
ire on the SAMA governing board 
L.. B. McKinley of Bausch & Lom! 
ind G. A. Downsbrough of Boonton 
Radio Corp. 

Many people who are interested 
in instrumentation and automati 
ontrol are not too familiar with 
SAMA~—d pit the fact that members 


Milan, April 8-13 





One of the most comprehensive 
ind neatly organized—technical con 
ferences ever held on the subject of 

jutomation” took place on the abov: 
date in this industrious Italian city. 
Ihe five-day session wa ponse red bi 
th National Research Council of 
Italy and drawn up under the dire 
tion of Prof. Algeri Marino, assisted 
by various Italian industrial group 
nd imstitute lhe main purpose of 
the meeting ording to the Ital 

to “reach a clear w 

rstanding | everal problem 

onnected wit introduction of 

utomation in the se ral branches of 

dustry and to collect a full docu 
nentation on thes quest 

vill enable Italy to make a u 

n to the International Symposium 
to be hel 5 b the |} iropean 
Productivity re v of the Office of 
European | ; 

The conference, wr 

1 into three 

The first 

“the ientin 

iutomation ind covered for 
unification of terminology 


. . for past-Deputy Bob Clark (Powers Reg.) and for SAMA pioneer Harold Richmond 


of that organization have been prime vorl ts that 
movers in this technology for as long é mation mem 
is a half centu This may be du bershy to compan 
to SAMA hiding its light under SAMA mack 


bushel Ihe association contains onl 


i future 


lop a radiation 
17 member firms, yet represents an the outcome 1 
industry numbering over O00 
The recent meeting convinced ow namism and the 
reporter that SAMA intend te | t ‘ loping of it 
bring forth its light It has studied 1 that SAMA 
the average size of firms in its industi VI of NEMA 
ind finds that “out of 539 compani n trac issociations 
160 empl ed between eight and hnical field 


OTHER CONTROL CONCLAVES 


ind classifi 1O1 col ( i tl i detailed 


iutomati ontre uding ana respondent 


if control the te hniqu Vr ol of MIT and 


n (including Viel ! 7 hia 


ion omponents, tech 

ile il OULO 174 r¢ mulation): +) . . 

{ ilculating machine technolog Ih Cambridge, April 4-6 

econd major section considered th 

technical and economi opportun t | lunstal (LONTROI 

tics for automation” and covered in port out of Me 

dustrial production, public and private ‘land, office 
Vice ind automation in the organ ed from three days 

ization of indu trial group The third live vhere | at 


tion dealt with the “‘social and eco { t I Cc Plant and 
omic effects of automation It iaracteristics which 
dwelled on problem of investment OCK of Instru 
trade national growth ( was lucky 

union reactions, labo 
idual vorker p chol vould 
ion: tt ! ‘ I technical 
0} t on for 


yarred 


Nil pte 


excellent 
izable exhibit of 
billed as “ad 


1 automation 
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NOW! 


ON THE SHELF! 


SINGLE SPIDER 
GEAR DIFFERENTIALS 


by FORD 
INSTRUMENT 


AVAILABLE IN FOUR SIZES: 

Ve", Me", Ve", ond %” Shaft Diameters 

(WITHOUT END GEARS) TYPE 

1 WEEK for units with set shaft A 
lengths" 

3 WEEKS for units with shaft 
lengths to aie a 
specs 

(WITH END GEARS) 

4 WEEKS for units with stock end C 
gears 

8 WEEKS for units with end gears D 
to customer specs 

(SUBJECT TO PRIOR SALE) 

*Note: i, unitsare not stocked with set shaft lengths. 

Ford Instrument produces 

single spider gear differen 

tials to highest military and 

commercial standards, for 

extreme accuracy in addi- 

tion and subtraction, and in 

servo loop applications. 

Seven ways superior. Call or wire W. Mohr, 

Component Sales Division (STillwell 

4-9000) for prices, or check and mail cou 

pon below, stating quantity. Data bulletin 

with performance curves and characteristics 
will be sent with the prices 


Component Sales Division 100 


FORD INSTRUMENT 
COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City, N. Y 
Please send me prices on the following: 
Circle size of unit desired 


Ve" Me” Va" He" 


(Check two if both apply) 


A B C D 
| want — (number) units: 
CO = 
Position... 

Company 


Street 


| 
| 
| 
| 
| 
| 
| 
| 
| Circle category for type of units needed: 
| 
| 
| 
| 
| 
| 
! 
| 


City 2 State 


has cme cess em me ee ee ee ee ee 
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| WHAT’S NEW 


ceedings settled down to a splendid, 
sober, and important exchange of 
views by most of England’s top peo 
ple in this field. Altogether, eleven 
papers were presented, about half of 
which dealt with the dynamic be 
havior of heat-transfer surfacc 
mainly distillation columns 

The conference proper was pr 
ceded on registration day by a dis 
cussion on terminology which wa 
designed to prevent the usual wran 
gling on this issue in later sessions 
During a lively give-and-take the par 
ticular evil of process designers and 
servo engineers adhering to their own 
traditional jargon was emphasized 
While this deadlock was hardly re 
solved, the consensus of the group was 
that a unified terminology project 
should be developed without delay 


Some of the papers 


“The first paper, ‘Dynamic Re- 
sponse of an Experimental Jacketed 
Pan’, submitted by A. H. Horton 
(ICI), concerned an _ experiment 
purely to check a theoretical analysis. 
The next three all dealt with control 
of distillation columns using a pilot 
plant. Frequency response techniques 
were used and in most cases the au 
thor established simple hypothetical 
electrical R-C analogs. There fol 
lowed a paper of more practical inte: 
est by Dr. Hengst (Badische Anilin & 
Soda Fabrik A.G.) on distillation con 
trol. Hengst’s experiments were con 
ducted on a fully operable 48-plat« 
bubble-cap column to establish tem 
perature response characteristics and 
the optimum controller position. One 
control system investigated had the 
control valve in the reflux line and 
the detector placed in different posi 
tions on the column. Cyclic move 
ment was imposed on the valve until 
the whole column was excited har 
monically. The temperature respons¢ 
of the plates was observed and fre 
quency response curves plotted 

“While the quality of the analyti 
cal and experimental techniques de- 
scribed in these papers was acknowl- 
edged, there was a general feeling 
expressed that treatment seemed to 
stop short of the real requirement, 
which was to provide data whereby 
commercial plants could be built and 
operated. As one leading worker im 
plied, there is no virtue in establishing 
defining equations based on nefarious 
assumptions and then proceeding to 
build a model plant to verify them 
And the reverse, in which an experi- 


| mental plant is built and a theory 


found to suit it, is no better, if it does 
not also produce correlation data on 
which the plant designer can operate 
On the other hand, the applied mathe 
maticians were quick to define the 
purely analytical approach which, it 
was agreed, should be fully exploited 
before money goes down th drain 

“The validity of the assumptions 
made by several of the speakers was 
fairly widely argued It was also 
pointed out that most workers were 
using binary liquids when, in fact, 
the process had to deal with multi 
composition — liquids, the effect of 
which might be considerable. But it 
was not until an instrument firm rep 
resentative revealed the use of a digi 
tal computer in this field of investi 
gation that the conference began t 
ponder whether Britain was using thi 
powerful but expensive tool inywher 
near sufficiently. According to thi 
ipeaker, most of the assumptions to 
which members had objected became 
unnecessary if a digital computer wa 
wailable during the analysi 

“The question of 
right tools broke out again during the 
presentation of the last paper, ‘Data 
Reduction as a Tool in Plant Analysis’, 
by C. A. Laws (Elliot Brothers, Sys 
tems Div.). Laws seemed to admon 
ish the group for its attitude tow ird 
data reduction, which he said was un 
known in Britain, yet well-established 
in the U. S. He went on to describe 
the techniques involved, and empha 
sized the feaation of collecting off 
normal information, an operation he 
said was badly needed at the 
He admitted the cost was high 


adopting the 


moment 


Revamped values needed 


“Summing up, it was difficult not 
to be impressed with the caliber of the 
young talent Britain has mobilized in 
this field. But, overall, one got the 
feeling that she is not doing full 
justice to this unique talent by starv 
ing it of much needed equipment 
With this she could banish longhand 
methods and analytical drudgery, 
which fritter precious hours away.” 

(Editor's note: Tunstall indicated 
that the second part of a paper at thi 
conference, by H. Voetter of Royal 
Dutch Shell, was considered a major 
contribution to the literaturc 
tillation-column control operations 
His abstract of this paper can be 
found on page 159 of this issuc 


on di 


New York, April 3 





Senior Associate Editor Bi 








Infinitely Adjustable 


SPEED 
CONTROL 
SYSTEMS 





WacLine Power Systems provide the eco- 
nomical answer to speed control of AC 
motors under variable or constant-torque 
applications. Speed is infinitely adjust- 
able over a wide range. Ciose regulation 
is readily accomplished even under vary- 
ing torque. The WacLine system may be 
applied to single or multi-phase sources 
on any frequency from 50 to 1000 cycles. 
Special features such as Program Con- 
trol, Voltage Signal Response or -inde- 
pendent adjustment of forward and 
reverse speeds are available, 


«ene pen motors. 
oe 


For further information write: 


WacLine.. 


15 SOUTH ST. CLAIR STREET, 
DAYTON 2 OnID 
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crwood recently pent a re warding da ent knowhow, they 

at a special Technical Forum on guide it 

Guided Missiles sponsored by Gen The problems of s| heating 

cral Electric in a meeting room of unusual air behavior, skin material, 

the Hotel Commodor GE,” writes ctc., become overriding consideration 

By, “feels that there are many prob it speeds over mach 10 

lems in the development of guided question is, why not di the missil 

missile systems that could be more it lower velocities, climinating many 

quickly solved if they were publicly of these problems and using some of 

presented to a diversified group of the proven guidance and propulsion 

guided missile expert Hence they means? ‘This was pointed out to m¢ 

arranged this forum to air what they by Dr. Robertson, of GE System 

felt to be the most pressing missil Engineering, as being a simple phy 

problems, and invited scientific and ics problem. If you are going to driv 

engineering people who would be in a ballistics missile a certain distance 

terested, and who might possibly orig then you must shoot it off with a 

inate ideas for meeting these prob- minimum ‘muzzle’ velocity lo bi 

lems during floor discussions able to deliver a missile in tl S 
‘GE got a packed house—about to points halfway around the world 

four to five hundred top quality peo- this ‘muzzle’ velocity is far above 

ple came. But while the audience mach 10, going up as high as mach 

was obviously good, I wonder whether 25. Thus, to be able to build a sati 

GE got the technical boost it was factory ICBM they must be 

ifter. Most of the comments from build an airframe that can stand 

the floor seemed to be questions and locities in the area of mach 20 

were not contributions to solutions to The other choice is to build a 

the problems that were posed. Of missile such as Snark, which is rocket 

course, it is quite possible that ideas driven on take-off, and then 

were also generated during the indi rine<driven at altitudes at al 

vidual discussions at the close of the 000 ft. Hence this is a jet- or ram-jet 

meeting. driven missile with maximum velocity 
GE splits the overall missile sys- of about mach | These -called 

tem into propulsion, guidance, and air breathing’ missiles ar 

airframe subsystem. It is interesting speed by their propulsion mea 

to note that the major problem today ICBM is needed becaus« 

is in the airframe system, and not in of knocking down these | 

guidance or propulsion This was a ing missiles 

direct answer to a question I asked “The conclusion scem 

(yes, | was one of the guilty noncon the major problems in guide: 

tributors It seems rather obvious today are not in control 

ince the two highly technical paper ign but, rather, in the acrop 

delivered were both on airframe prob the airframe I didn’t realiz 

lems. GE scientists feel that if the of this befor ind perhap 

can build a projectile with their pre of our readers are in the 


GE’s STAKE IN PROPULSION RESEARCH: These two buildings are con 
crete (and brick) proof that the General Electric Co. is dedicated to the futur 
of new forms of energy in ait propelled vehicles. The one on the left, the first 
facility for the company in this field, is the Lynn, Mass., Aircraft Gas Turbine 
Lab, erected in 1950. On the right is the latest: the new computer building at 
Evendale, Ohio, which is hooked up on leased telephone lines with Lynn and 
does the calculations on research projects. By 1960 GE will have sunk $100 
million into its propulsion research program. 
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ELECTRONIC SYSTEMS 


developed to fit your complete requirements 


INSTRUMENTATION SYSTEMS 


DATA HANDLING SYSTEMS 


TEST & EVALUATION SYSTEMS 





GROUND CONTROL SYSTEMS 


The Rheem Research and Development Laboratori: 
engaged in the creation of electronic systems. 

The facilities and technical capabilities of the Rheem organization 
are available for application to new challenges 
ment and systems field. 


s are currently 


in the electronic equip 


RHEEM MANUFACTURING COMPANY |iammesminiamndia 


GOVERNMENT PRODUCTS DIVISION | 


RESEARCH AND DEVELOPMENT LABORATORIES 
ELECTRONICS LABORATORY 7 $236 EAST HALL ROAD, DOWNEY, CALIF 


other government ) 
products plants in: 


ee ee a 








| WHAT’S NEW 


Two Major 
New Entries 
in the Digital 
Sweepstakes 


One is a remarkably compacted 
miniature of a famous computer. 
The other is an updated data 
processor that draws on comp- 
uter techniques for flexibility. 
Both are hot prospects for pro- 
cess control . . . and both are 
prime examples of the feverish 
pace of digital evolution. 


Karly this spring two new items 
blossomed in the digital equipment 
fiekl. Unlike a horde of other emerg 
ing equipment, these were not minor 
variations on an old theme. ‘They 
were machines with a distinct and 
intriguing new generic quality—and 
the interest they attracted proved the 
quality was a good one. ‘The items 
Pa “pinboard-memory’’-equipped data 
logger by Beckman Instruments, Inx 
Pa solid-state, pint-sized version of 
UNIVAC by Remington Rand 

Beckman was the first to announc 
its new baby—the Beckman Data Sys 
tem (CtE, April '56, p. 111). During 
March it took the system on a cross 
country tour for private demonstra 
tions to engineers in Indianapolis, 
Charleston, W. Va., and Wilming- 
ton, Del. Besides the new logger, the 
display rig included a working graphic 
panel to or a typical industrial 
process and an automatic typewriter 
for logsheet readout. 

Set up in hotel rooms, the Beck 
man system would digest data from 
the graphic panel—flashing lights in 
dicating a sensing clement pickup 
while the typewriter would log the 
data out. Visitors were invited to 
submit representative data-handling 
problems and these were programmed 
on the pinboard to demonstrate this 
new feature. In one two-hour period 
the system was programmed bor 30 
separate sets of process variables, 

Controt ENcIngerinc’s reporte: 
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Prof, J. Presper Eckert is activating the input typewriter and Dr 


John W. 


Mauchly is pointing at readout lights as RemRand’s new computer works a 
simple problem. Oh yes, that’s our Lloyd Slater standing between these two 


eminent inventors of UNIVAC. 


Ralph Webb (left) director of instrumentation of Carbide & Carbon Chemi 
cal Co., looks over the new Beckman Data System during recent 3,000-mil 
demonstration tour. At right is Tavlor Mletcher, manager of Beckman’s Data & 


Control Systems Dept. 


managed to take in the final leg of 
the demonstrators’ journey before th« 
system’s installation at Esso’s Baton 
Rouge, La., refinery. In the Alchc 
mist Room of the Hotel du Pont, h« 
reports, “there was excellent attend 
ance from du Pont, Sun Oil, David 
Taylor Model Basin, Atlantic Refining, 
Pratt & Whitney, ‘Tidewater Oll, 
M. W. Kellogg, and Bureau of Ships 
All seemed keenly interested.”’ 


Enter—the “Baby UNIVAC”’ 


Remington Rand’s coming-out party 
for its new computer was more spon 
taneous and unrehearsed. The ma 
chine had been under secret develop 
ment for several years and the first 
model was about to be delivered to 
the Air Force Cambridge Research 
Center—when the military relaxed and 
offered to let the press have a look. 
So on one day’s notice a CtE re 
porter entrained for Philadelphia 


Vhere, guided by RemRand leading 
lights, Drs. Eckert and Mauchly, he 
was exposed to “Baby UNIVAC 
Our man was impressed. ‘The arith 
metic and memory section of the 
new machine is housed in a neat 
cabinet 6 ft high, 6 ft, 6 in. long, 
and 18 in. deep. Its operating con 
sole, including paper tape, input-out 
put unit, and direct entry typewriter, 
is a mere 4 ft by 6 ft by 3 ft. Inside 
the cabinet are 1,000 magneti ampli 
fiers (the company designed and builds 
these . . . calls them Ferractors) and 
30 vacuum tubes. These perform the 
same functions as 5,400 vacuum tube: 


in UNIVAC. Another neat feature 


a 16,500-rpm magnetic drum memory 


with four spaced reading heads 

Because of its remarkably simplified 
construction, yet great capability, Rem- 
Rand believes that the prime market 
for its new computer will be process 
inalysis and control 





HOW THEY FUNCTION 


l. [Hk BECKMAN DATA SYSTEM features a digitally 
controlled grouping pinboard right), which permits the 
operator to alter or employ such functions as linearization 
iput s iling, integration and digital summation, alarm 
limits, selective output control. The readout panel flank 
ing th pinboard lower left) displa time, channel 


iumber, and signal. Earlicr Beckman Div. data-handling 
tems used telephone relay lide-wire balancing mech 
ind coding whecl The new design—a product of 

of research—stresses reliability: the center 

how tepping-swit h assembly which 

n oil and hermetically sealed. Visible im thi 
‘round of the picture on the nght below thie 
hopper unplifier the mercury ty] ig in 
function with a sealed an-dig converter 
yin and Beckman advises that the cabinet of 


hannel unit contains cnough room for 


}-« 

hannel that is, one more stepping switch 

| pinboard ra’ Th tem is ungrounded to elim 
inate ground loop 


44 
44 
te 
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REMINGTON RAND’S UNIVAC MAGN 
COMPU'TER features a “postcard” printed-circuit 
bly ight About 600 of thes« plu 1 few transisto! 
form the main arithmeti part of the system, which ha 


i computing capa yi lit equal to UNIVAC Note the 


lug-in pulse-amplifying Ferractor hese are inside the 
its’” on the card—two per pot. ‘To get an idea of the UL lilVq> 
pace-saving and simplification involved, study the two 
pictures on the left below Using Ferractors, 1 cor 
liodes, and a resistor functionally replace 23 parts in a »e99 89 
mventional computer circuit. Another remarkable inno 
ition is the compact, high-speed magnetic drum mem- we 
ry (below, right The drum has a per ial nickel-cobalt pe avvee “$i 
urface and 1 caled in helium for more effective heat suneaane oy 
transfect Ihe four reading head 90 deg ipart around 


the drum, achieve the effect of increasing drum peed ti 
henomenal 66,000 rpm The new computer § « ipability 


. " 


tion of two 10-digit numbers in 90 micro mor 
11,000 additions per si multiplication in from 0 


hi or over 3,000 multiplications per se 
COMPONENTS 
COMPONENTS 


1 Socket 


13 Diodes all 
4 Tronstormer e 


4 + Wott resistors = @ 2 Diodes 


1 Mognetic core 


2.10 Wott resistors 


‘ $ Wott resistor 
1 5 Wott resistor 
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WHAT’S NEW 


KCKMAN ON COMPUTER 
PROCESS CONTROL: A key 
speaker at the ISA Computer Sym 
posium will be Dr. Donald P. Eck 
man, professor of instrumentation 
engineering at Case Institute of 
Technology. Don will describe the 
| integration of computers into the 
| processing system. He's shown here 
| testing a pneumatic valve actuator 
with a frequency function generator 
Similar frequency response tests 
| were part of the plonecring Case 


4 44Gb @))"| project to set up a computer-con 


| trolled hydrogenerator. 
MANUFACTURING 
iS YOUR CONCLAVES TO COME ored | ae maple 


ISA th it 
New York, Sept. 17-21 





REQUIREMENT ocial functions, plant 
Krom all reports received in thi usual rounds of frien 
office to date, the forthcoming na pon ored b ontrol 


: tional meeting of the Instrument So And that the New Yor 
.., then ciety of America will be one of th Ladies have rigged up an 
Boehme practical experience most significant and rewarding ¢ ent for their sex, including a 
in the design and for control engineers in a very reward i boatrid up the Hud 

ing year. This fall the exhibits and ind a dav at West Point 
manufacture technical sessions will be housed in It looks to us like th 
of mechanical, electrical New York's handsome new Coliseum trol engineer can hardly aff 
and electronic products on Columbus Circle at 59th Street this event (we also hope hi 
for automation and ind Broadway Lhe facilities are su his wife okin 


perb: en cllent di play space ind large in New York next 


instrumentation can uir-conditioned meeting rooms. Other 


solve your incentives to attend includ Paris, June 18-24 
Pover 500 xhibits of new control 

most exacting demands. ove SENTCEES OF i : l. J. Higgins writes u 

Learn more about Boehme’s ficld products fitting all parts of th 


efficie loop. Among them: a large array of ae thie ‘del “7 Se gor 
prompt, cient, economical displays from England, Germany, ‘The in this dehghttul cit 


Netherlands, Italy, France date He says the p 


ory fi () ( 
and how readily it applies Pa technical program comprising 200 che | defi . 
to your needs. papers: a unique thing about the ISA Manica! aspects, comain 


program 1s that the papers are high! 





hions im engineering, scien 


| ) + . 
1iomMiK i rac uW 
practi il and closely onented to auto id Practice 

' technical structure 
matic control, and deal with real prob “a 
produ On oO! Nl 

lems in industry and the militar v — 


P an all-day computer symposium that 
promises to state clearly and logicall 


t chni il On ial, and 
( ot iutomation 
tion Hi suggest 
interested in the ymposiun 
ecing Paris in the pring mtact 
Secretariat du Colloque sur I’“Auto 
matique ’, Chaire de Mecanique. Con 
vature National des Arts et Metier 
92 rue Saint-Marten, Pa Ihe 
Ihe meeting is cosponsored |} th 
Association de Ingenicu 
ens and Societe des Radioc] 


the function of the computer in thr 
control of an industrial proc 

© ‘shirtsleeve’” clinics, which will be 
run in special rooms off the exhibit 
floor; they'll cover instrument mainte 
nance, data-proce ing system inc 
analytical instrument techniques 

Pa plendidly organized two-day s¢ 
sion—cosponsored by the American 
H. Oo. Boehme, inc. Rocket Society—which will tick off 
progress in coping with problem 
posed by the forthcoming Geophys 


Cambridge, Summer ‘56 


Designers and Manufacturers 





Communication Equipment cal year, particularly measurement and A flock of announcement 
control of the Earth Satellite from this Boston suburb indicate 
P control system design work taken MIT’ is once again nd 
{pparatus Since 1917 from the laboratory benches of eight elaborate series of 
universities and manned by the gradu ourses with excellent « 
ate students who did the work. Thi ontrol engineer. They in 
New York 10, N.Y. exhibit was organized by ContTro1 P June 18-29—a two-week se: 
ENGINEERING editors and is cospon Dynamic Measurement 


Precision Electro-Mechanical 


915 Broadway 
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The new standard of high-precision potentio- 
meters. Advantages include greater accuracy, 
finer resolution, lower torque, longer life and 
better performance under adverse environmen- 
tal conditions. 48 standard models meet most 
special design requirements. 


series 


Precision potentiometers that offer your 
products a price advantage in sedey’s 
competitive markets. Engineered for easy 
installation with readily accessible ter- 
minals. Accurate, dependable, long lived. 


series 


Long a favorite for both military and 
commercial purposes. Has rend itself 
exceptionally rugged and dependable 
in years of use on many mobile and 
stationary applications. 


BORG MICROPOTS 


precision potentiometers with 


UNLIMITED DESIGN 


APPLICATIONS... 


MORE PROFITABLE PRODUCTION POSSIBILITIES 


Your job is made easier when you use Borg Micro- 
pots. They're versatile ... they're flexible. Standard 
models can be readily adapted to meet the special 
requirements of a wide variety of applications. What 
is more they have many exclusive advantages: — — 
absolute linearity, permanent accuracy, long life, and 


dependability. You can rely on them to meet your 


most rigid commercial and/or military specifications. 
They're readily available too. Production has been 
stepped up to assure prompt delivery of any model 
in any quantity. We invite consultation with your 
Borg "Tech-Rep”. His helpful advice can often save 
you time and money. Write us today for his name 


and address. It will pay you to know him. 


BORG EQUIPMENT DIVISION 
‘The George W. Borg Corporation 
Janesville, Wisconsin . 
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Edin Consolette for 
modular type ampli 
fiers and preamps 
Maximum mounting 
height 21°" high, 19 


i x9 deep Over 


ali Consolette dimen 
sions: 24° wide x 24 


deep. Desk height 30 


@ Modular plug-in construction principle; add 
instruments as required 

@ Direct, simultaneous recording of up to 10 
channels of information 


@ Choice of High and Low Gain DC, AC, or 
Universal Carrier Amplifiers 

@ Three-speed or nine-speed chart drives in 
wide ranges of speeds 


Now you can provide a permanent, visual, precise record of 
an almost unlimited selection of phenomena with this new Edin 
basic Oscillograph Consolette. 

Because of the unusual flexibility of Edin's modular design, 
you may start with only two channels and as your needs increase, 
you can add plug-in amplifier channels and recording capacity 
in a maiter of minutes. Amplifier equipment is housed in an up- 
right rack in full view and within easy reach. The rack has space 
for two to 10 driver amplifiers, and will accept blank panels for 
vacant spaces. Novel design of a center paper drive permits an 
unusual expandable feature in the recording chassis. Units are 
available for standard pen or Teledeltos recordings. 


EDIN CO., INC. Write for 


specifications 
207 MAIN ST., WORCESTER, mass, @”d prices. 
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WHAT’S NEW 


Dr. Yao Tzu Li, associate professo: 
of aeronautical engineering 
P July 16-27 a two-week special 
program on the “Theory and Practice 
of Ceramic Forming’’. Professors Not 
ton and Kingery will supervise and 
guest speakers will be brought in from 
Eng sland and Australia, a 
advanced digital component 
facturing plants here 
P july 30-Aug. 10—a two-wee 
in “Control System Engineet 
rected by Dr. Bill Seifert of 
namic Analysis & Control 
P July 9-20—a two-week pecial cours¢ 
on hag nn Development in Fluid 
Power Control” administered by Dr 
J. Lowen Shearer and Dr. Freddi 
izekiel 
P Aug. 6-10; Aug. 13-17—tw hort 
courses on “Electronic Data Proce 
ing’’ conducted by Dr. Robert Greg 
ory The first week will cover ek 
tronic computers and busin prob 
lems, the second the use of dat 
processing by management 
© Aug. 13-17—a course conducted 
Alfred K. Susskind on Analog 
Digital Conversion ‘Techniqu 

If you want more details on an 
of these courses write directlv to Prof 
| H Huntress, director of the MI 


summer session, Cambridge 39, Ma 


Detroit, Summer ‘56 





Wayne University also seems t 
building an excellent summ« Ti 
lum-——especially for digitally mind 
management people and _ techinici 
who wish to train in comput 
niques. Dr. Arvid W. Jacob 
us that his Computation Lal 
three-week long courses 
P July 23-28—“Automatic Computer: 

Their Application and Evaluation” 
Pyuly 30-Aug. 4—“Electronic Data 
Processing in Business and Govern 
ment” 
© Aug. 6-11--“Applications of Com 
puters to Engineering, Scien ind 
Industry” 

For more information, write t 
A. W. Jacobson, director, Computa 
tion Laboratory, Detroit 1, Micl 


Purdue, July 9-20 





This year Purdue’s annual 

ence on systems engineering will be 
intensive 10-day short course devo 
to “Linear Automatic Control $ 
Synthesis”. It is intended for engi 
neers interested in advanced work 
More information is available from 
the Div. of Adult Education, Purdue 


University, Lafayette, Ind 





MUIRHEAD 
SYNCHROS 


115V 400¢/s | 


-©:-563 —+ 


MUIRHEAD 


FIl M-1-A/1 SIZE 11 CONTROL TRANSMITTER U. S. Bureau of Ordnance Number 11 CX 4c MARK 41 MOD. 1. 
Supply 115V 400c/s Nominal Rotor /Stator voltages 115 /90V 
MECHANICAL DATA 
BEARINGS Single row bali journal bearings ACCURACY (MAXIMUM ELECTRICAL ERROR) 7 minutes 
ROTOR CONNEXIONS Silver strip brushes, Silver slip rings MOMENT OF INERTIA OF ROTOR 0.014 o7 in? 2.5 gm cm? 
MAXIMUM FRICTION TORQUE (at room temperature) WEIGHT 4.2 02 120g 
0.05 oz in 3.5 gm cm 
Shaft splined and threaded to enable gear to be fitted. 


ELECTRICAL DATA 

INPUT Rotor OUTPUT Stator 

WINDING Single phase 

NO LOAD CURRENT 0.03A 

NO LOAD POWER 0.7W 
IMPEDANCE AT 115V 400c/s 

700 + j 3700 ohms 

D. C. RESISTANCE 445 ohms 


MUIRHEAD 


FIl M-2-A/1 SIZE 11 CONTROL TRANSFORMER U. 5. Bureau of Ordnance Number 11CT 4a MARK 24 MOD. 1. 
Supply to energizing synchro 115V 400c/s Nominal Stator /Rotor Voltages 90/58V 
MECHANICAL DATA 


BEARINGS Single row ball journal bearings ACCURACY (MAXIMUM ELECTRICAL ERROR) 7 minutes 

ROTOR CONNEXIONS Silver strip brushes, Silver slip rings MOMENT OF INERTIA OF ROTOR 0.014 oz in? 2.5 gm cm’? 

MAXIMUM FRICTION TORQUE (at room temperature) WEIGHT 4.2 01 120g 
0.05 oz in 3.5 gm cm 


Shaft splined and threaded to enable gear to be fitted. 
ELECTRICAL DATA 


WINDING 

VOLTAGE BETWEEN TERMINALS (No Load) 

RESIDUAL VOLTAGE AT NULL POSITIONS 
FUNDAMENTAL COMPONENT 45mV mox 
TOTAL RESIDUAL 75m¥ max 

IMPEDANCE BETWEEN TERMINALS AT 90V 400c/s 490 + | 2520 ohms 

D. C. RESISTANCE BETWEEN TERMINALS 300 ohms 


3-phase star connected 
90V max 





INPUT Stator 
WINDING 3-phase star connected 
SUPPLY FROM TRANSMITTER PER PHASE 90 maximum 
CURRENT PER PHASE 12mA 
IMPEDANCE BETWEEN TERMINALS AT 90V 400c/s 
1250 + j 7400 ohms 
D. C. RESISTANCE BETWEEN TERMINALS 535 ohms 


‘MUIRHEAD 


OUTPUT Rotor 
WINDING 
VOLTAGE ACROSS 20,000 OHM LOAD 


Single-phase 

1V per degree 

initial misalignment 
RESIDUAL VOLTAGE AT NULL POSITIONS 

FUNDAMENTAL COMPONENT 30mY mox 

TOTAL RESIDUAL 60mV max 

IMPEDANCE AT 58V 400c/s 680 j 3200 ohms 

D. C. RESISTANCE 370 ohms 


Copies of the above dota together with mounting instructions may be had free 
on request by writing to the address below. 


MUIRHEAD INSTRUMENTS, Inc. 677 Fifth Ave., New York 22.N.Y. 


United States Sales and Service for MUIRHEAD & CO., LIMITED © Beckenham ©* Kent © England 
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Automatic Readout of the Date 
and Time for Data Handling 
Systems, Logging & Computers 


Wherever date and time should be incorporated 
with printed readout data, the accurate Bendix. 
Pacific Digital Calendar Clock provides coding 
of the minute, hour, day, month and year 


The input-output is suitable for a wide variety 
of readouts for direct operation of slow speed 
electromechanical devices such as card punches 
or typewriters, or to high speed computers and 
data handling devices, Readout timing is solely 
dependent on the users equipment, and may be 
serial or parallel 


The calendar clock mechanism is electrically 
driven from the power line by a synchronous 
motor-operated switch. The number drum, rotated 
by each stepping switch, is viewed through the 
front panel for visual registration. Input consists 
of ten points, one for each decimal digit of 
date and time. Output consists of ten points, one 
for each numeral, zero through nine, which, for 
example, is connected to the key solenoids on an 
electric typewriter, 


The clock is constructed on a standard 7”x19” 
relay rack panel and will fit all standard relay 
racks, including provision for mounting on slides 
or for direct front mounting 

Write for Bulletin ES-11 which gives complete 
information on the Calendar Clock. 


Please Address Dept. 832 


~BendiixZ 


PACIFIC DIVISION 


“Bendix Aviation Corporation 


NORTH HOLLYWOOD, CALIF 





Export — Bendix International 


205 E. Forty-second Street, New York 17 
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WHAT’S NEW 


All Around the 
Business Loop 


From the outside, Building 85 looks 
like any other quarters on General 
Electric’s vast industrial plantation 
in Schenectady, N. Y. But the inside 
of the plant has been tooled up for a 
method of production that some call 
automation, and that GE prefers to 
call “mechanization”. Chosen as the 
end-product of the new technology is 
GE’s well-established Tri-Clad 
motor, an induction-type motor that, 
according to O. F. Vea, general mana 
ger of the Medium Induction Motor 
Dept., is designed to serve “auto 
mated” industry, “And,” savs Vea, “‘it 
is only logical that the shoemaker’s 
son should wear shoes.” 

The Tri-Clad, so named because it 
is baked three times, once in varnish 
once in paint, and once in silicon 
starts out at one end of the plant as 
stator and rotor laminates, and snow 
balls through in three cight-how 
shifts. On the way it is handled by 
machines that GE has either built 
itself or had built to its own specific a 
tions. One of GE’s own creations is 
a single-pass annealing furnace that 
takes on hundreds of stator and rotor 
punchings every hour. One of its im 
ports: a National Automatic Tool 
Co. multi-station transfer machin 
which does all the boring, drilling, and 
tapping on the cast-iron stator frame: 
The company had to go. else 
where, too, for its punch presses (Ni 


“SS 


Douglas 
rotating-ta 


ind a 


Agata), pressure-caster 
dynamometers (Toledo), 
ble testing machines (Wilson 
few more, but every one of them w 
a GE design 

In applying a 
idea—using a solenoid valve to 
shicld feed—GE gave a hint at wl 
it stood on the subject of automation 
machines don’t have fancy, but 
they do have to produce. That may b 
one of the reasons the winding 
tion on the Tri-Clad remains 
ual process. It’s not a sore point with 
GE. As Superintendent of Manufa 
turing J. R. Olin implied at a pre 
conference marking the plant’s new 


mnguiar 


to ix 


Opeta 
I 


1 Than 


interior, an economical way to do the 
job automatically just hasn't arri 
hus winding involves the highest 
ymount of direct labor in Building 55 
But the number of hand 
involved in start-to-finish process ha 
been cut considerably. A word 
number of 


hum in 


cerning th maintenan 


people in the plant came out durin 
a question and answer period t 
cate this 
change in the number of maintenan 
people themselves, and yet the ratio 
of the number of them to the num 
ber who actually run the machines h 
undergone a momentou from 
4:1, when  plant-redesign tarted 
(about 1948) to 8:1 today! 
The Tri-Clad motor built 
ing 85 puts out between 74 and 
Supervising the 600 people who wi 
on it are, besides Vea and Olin, G. A 
Cook, manager of the | Integra 


) Indi 


Ther Wa no announced 


h med 


in Build 
30 hp 


AUTOMATIC ANNEALING-—Just a corner of the automatic control panel 


shows in this view of General 


Electric's 


multi-zone continuous annealing 


furnace for rotor and stator punchings. It’s one of the features of the company’s 


new Schenectady motor plant. 


] 








. With five types of x 


parallel and right angle 
Gearmotors, Master has \ 
the flexibility and choice \ 


of design you need for \ 


selected output speeds. 


. With electric motor and gears 
combined into a compact, 
integral power unit, you 
reduce costs and increase 
efficiency through elimination 
of belts, couplings, chains, 
sprockets, external bearings 
or separate reducers. 


Available in sizes from 4 to 
125 H.P. You can integrate 
with the gearmotor electric 
brakes—3 types of variable 
speed units and fluid drive 
in any combination. 


. And that’s why more 
gearmotors carry the Master 
name than all other makes 
combined. Write on your 
business letterhead for details. 





=e C-) am @) ole) (er 
for GEARMOTORS 


Because... 








Controlling a transformer’s 


leakage reactance 


Prob‘em: Design and produce a high- 
voltage potential transformer with 
unusually high and wniform leakage 
reactance. 

The transformer must run depend- 
ably for at least 15 years as a vital part 
of an rf carrier circuit on a high- 
voltage power line. Operating volt- 
age at the primary of the transformer 
is 5000 volts. 


Solution: Building a transformer for 
this general purpose and life is no 
special trick. But this leakage react- 
ance requires an adjustable magnetic 
shunt. With the shunt we designed, 
we can set each transformer to the 
exact leakage reactance called for. 
It's a good way to produce—in quan- 
tity—transformers with unvarying 
performance characteristics. 

Since the transformer will be ex- 
posed to dust and condensation when 
mounted outdoors in its housing, we 
used an extra large high voltage ter- 
minal bushing with three drip-type 
petticoats. 

To protect the terminals from 
rough handling by installation crews, 
we made the studs extra large—and 
keyed them to prevent turning. 

And you? When you need trans- 
formers—by hundreds or thousands, 
straightforward or special design— 
make use of our production and 
design experience and facilities. 

You can judge the experience end 
facilities for yourself with a brochi re 
we've prepared, Write for a copy. 


CALEDONIA 


| ELECTRONICS AND TRANSFORMER CORPORATION | 
Dept. CE-6, Caledonia, N. Y. 


In Canada: Hackbusch Electronics, Ltd. 








WHAT’‘’S NEW 


Horsepower Product Section of the 
Medium Induction Motor Dept., and 
W. M. Schweder, manager of engi- 
neering for the $7-million plant. 

Someone at the O&A session asked 
these men if, after all the work GE 
has put into its developments at Sche 
nectady, the company planned to stay 
there. Yes, they said. looking at the 
questioner somewhat sympathetically, 
they supposed it would 


P The Army's Redstone is one of 
several guided missiles being devel 
oped and tested by industry under 
Defense Dept. contracts As it has 
done with its other missiles, the Army 


has awarded contracts on various 


phases of the Redstone to different 
private companies. One of these is 
Ford Instrument Co., which is han- 
dling the Redstone’s guidance system 
When the Defense Dept. set up new 
agencies to grapple with problems 
yosed by shorter time schedules and 
onger-range missiles, lord was pre 
pared to tackle the larger chores sure 
to be tossed its way. 

Fully primed is a new Missile De- 
velopment Div., whose eight-man 
management staff will supervise all 
engineering, developmental work, ex 
periments, and tests associated with 
the Redstone. All facilities for thes« 
phases, together with a modification 
center and a field service headquarters, 


PLANTS A-BUILDING 


Varian Associates draws up a master plan: 


iy 4 


23 Primrose Ave., Toronto 4 New environmental lab for General Precision: 23,000 sq ft for pinning down a variable. 
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No. 1G A.C. or D.C. 


A small lightweight unit available 
for A.C. or D.C. Continuous or Inter- 
mittent duty. Adjustable plunger 
stroke: 6 to % inches. Lift: up to 15 
ounces. Weighs only 3!4 ounces 


No. 4 A.C. or D.C. 


Sturdily constructed with metal frame. 
Available for A.C. or D.C. Continuous 
duty. Adjustable 
plunger stroke: 4 to 1% inches. Lift: 


or Intermittent 


up to 24 ounces. 


ower at less cost... 


sth 
: anne ; 

- co gs 
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ee 


2S nces 


Applic 


Phonog r ap h 


Outstanding in Guardian’s complete 
line of A.C. and D.C. Solenoids—the 
versatile, compact Guardian Number 11 
Solenoid lifts up to 39 ounces, has an 
adjustable plunger stroke ranging from 
l4-inch to l-inch. The average power 
requirement is 27.5 V.A. for the inter- 
mittent duty type, 8 V.A. for the con 
tinuous duty type. Available for opera 
tion on any power supply from 6 to 110 
volts D.C., or from 6 to 230 volts, A.C 
Large capacity—sturdily constructed— 
priced low 


No. 7 D.C. 


A rugged D.C. Solenoid enclosed in 
metal cover for extra protection. Inter- 
mittent or Continuous duty. Adjustable 
plunger stroke: 1% to 2 inches. Lift: up 
to 7 pounds. 


ond 
on & 
x-Ro 


et® 


y equipme™ 


Business Machines 


Electric Organs 


Amusement Devices 


TAS Equipment 
$s 


No. 12 A.C. 


Small A.C. unit with laminated con 
struction. Intermittent or Continu- 
ous duty. Adjustable plunger stroke 
lg to 1 inch. Lift: up to 32 ounces 
Weighs only 5.5 ounces 


No. 18 A.C. 


Power type laminated A.C. Solenoid 
Rugged construction. Intermittent or 
Continuous duty. Adjustable plunger 
stroke: '% to 1 inch. Lift: up to 9.5 
pounds. Note heavy duty plunger 
construction 


WRITE or wire today for your Free Copy of this New 8-Page Guardian 
SOLENOID BULLETIN "SOL-8"’ including the new Power Types 


~OCanvian 


GUARDIAN 


1623-G W. WALNUT STREET 


ELECTRIC 


CHICAGO 12, ILLINOIS 


SM CSSrrcttt cree SF COMO FERRE BOE Htem tweens 
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: SO SENSITIVE 
IT CAN MEASURE THE CHARGE 
BETWEEN YOUR FINGERS 


CURTISS-WRIGHT 
DYNAMIC CAPACITOR 


ELECTROMETER 


FOR STABLE AMPLIFICATION OF LOW-LEVEL DC SIGNALS 


Measures currents as low as 10°'* amp. * Extremely high input impedance .. . 
10'® ohms. * Low drift — less than = 1 mv per 24 hours, * Uses dependable, 
durable dynamic capacitor. * Accuracy of © 1, % full scale. * Only 14” x 10” x 9” 


The Curtiss-Wright Dynamic Capacitor Electrometer is ideal for meas- 
uring minute currents or voltages from high impedance sources. There 
is no 60 cps interference since the Dynamic Capacitor Electrometer 
operates at 1,000 eps. The instrument can be used to measure static 
charges, potentials of floating grids, insulation leakage currents, capaci- 
tor dielectric leakages; and to study transistors and diodes, Its rugged- 
ness, reliability, and high sensitivity make it especially suited for use 
in the nuclear field as a component in reactor control systems and in 
industrial control systems employing radioisotopes as energy sources. 
It can be used for pH determination, and in mass spectrometry, In bio- 
physics and medicine it may be used to measure cell potentials, skin 
potentials, streaming potentials, injury potentials, and nerve impulses. 
Besides providing an indication on its own meter, it will operate any 
standard recorder, For details, write Nuclear Equipment Sales Dept., 
Curtiss-Wright Corporation, Electronics Division, Carlstadt, N. J. 


ELECTRONICS DIVISton 


CURTISS-WRIGHT 


CORPORATION + CARLSTADT, NWN J 
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1) 
building in Long Island Cit 
Manufacture and assembly of th 
in tem continu n bore 
other Long Island plant 

f these the company has built 
opic test laboratory for 1 
expenment 

Manager of th 

wrence S$. Brown 


L.. S. Brown L. J. Scheuer 


vith Ford since 1934 pt for a 
car a les manager for Bulova Re 
search & Development Laboratories, 
Inc. Brown, who holds patents in fir 
control systems, bomb-release com 
puters, aircraft computing and 
gyroscopic mechanism Va taff 
project engineer before h point 
ment. Lewis J. Scheuer, B 
rector of engineering, jou 
1948. In 1954 he was assig1 
ing responsibility for th 
guidance system, and in 
year conducted a missile velocity 
tem study for the Signal Corp 
Filling out the division taff ar 
Carl S. Backman, manager of test 
John J. Woodruff, chief of the modif 
cation center; Lawrence W. Farrell 
production manager; Henry J. Krei cl 
meier, shop manager; James I. Camy 
bell, contact supervisor; and Norman 
R. Gilino, Ford liaison man at Red 
tone Arsenal, Huntsville, Ala., all pr 
viously with Ford ind llen J 
Schwab, formerly personnel director 
of Bulova R&D Lab who tal 


imilar duties at Ford 


> Last January American ‘Telephone 
& Telegraph Co. consented to a gor 
ernment decree ordering release of 
AT&T’s 8,600 patents (CtE, March 
p 30) Ihe news was right up th 
illey of the control field. Last April 
18. AT&T made news again, and 
wain the figure involved was impo 
ing. This time AT&T announced it 
would spend $2.1 billion on construc 
tion in the next year, making it th 
first company in history to lay out 
more than $2 billion in this length 
of time. The company’s Bell network 
recently established, in San Dieg 
Calif., the nation’s first coast-t 





IT WILL SAVE YOU 
TIME AND MONEY TO 


ADD “CROSSBAR” 


TO YOUR AUTOMATION 
VOCABULARY 
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No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 


BUSINESS REPLY CARD 


First Class Permit No. 3677, Sec. 34.9, P. 1 &R., Chicage, til 


KELLOGG SWITCHBOARD & SUPPLY CO. 
79 W. Monroe Street 


Attention 
Mr. R. H. Williamson 
Dept. 72-F 





CHICAGO 3, ILLINOIS 








58 years of know-how gives you complete service data 
“designs that cut costs in production 








KELLOGG 
Switchboard & Supply Co. 
Industrial Sales Dept. 


A Division of International Telephone & Telegraph Corp. 


[ |] Please send me the booklet on Kellogg Crossbar 


[ | Please send me the booklet on Kellogg Relays 
NAME 

FIRM 

ADORESS 


city ZONE STATE 





THis new DIEHL 


SIZE 11 RESOLVER SETS A \/ ) 


ewestandard of 

















... a new low in total functional error for a Size 11 Resolver—0.05%! 
An entirely new design concept permits complete machine-winding of the 
units, with resulting high uniformity of product and performance 
Other novel design features enable the resolver to withstand 
altitudes of 70,000 feet without pressurization 
CLASS | SPECIFICATIONS There are three types with high impedance, per- 
mitting the primary to be excited with 110 volts at 
Dien. wumBeRS | B1IR)-1 | BIIRI-5s | BrIRI-6 REMARKS 400 cycles...with low impedance, when higher 
= 1 } frequency response is desirable and compensator 


| Type low High Compemsotor wound for temperature and frequency variations. 
| Impedonce Impedonce Wound 7 
a i { ' These types are obtainable, each with 2 input and 


Toto! Functionol Error 005% 005% 005% 2 output windings, in either Class I Design with 0.05% 

—— t t maximum total functional error or Class II Design 
loh 7450 /80 3000 / ac 1500/78 + 10% on ohms ‘ 

Input Impedance (ohms 72078 3900 7 80 500/78 +2° on angles with a maximum error of 0.10%) where less accuracy is 


] | ! tolerable and lower cost is desired 
Effective Resistonce (ohms) 3,000 17,000 5,500 when resonated ; 
- | | } i All resolvers are equipped with pin-type terminals. 


‘ " 4 , es A ft, 
enitaiiaesiiatie 0975/6 0975/6 0975/6 t 0.02 on ratio Mating plugs can be supplied for convenient connection 


1 4 
=o Gf eng to computer circuits 
r 


; 


Mox. Null Voltage 10 10 Siiciiane Take a look at the Class I specifications. Note the 
v./volt + 
im. v./volt input) new opportunities they offer to satisfy unusual 
} ; 


| weiom eceniad | 47 a? application needs 
’ , Patents Pending 
Ali meosuted dota above taken at stondord test 10 voi of 400 cps 
Cose ond shott spplied with reference markers 
other available components 
A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS * A.C. SERVOMOTORS WITH D.C. TACHOMETERS 
A.C. AND D.C. TACHOMETERS * D.C. SERVO SETS * RESOLVERS 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING CO. 
Finderne Plant SOMERVILLE, N.J. 
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You Can’t Beat 
a Bryant 
Drum 


Bryant magnetic Drums 


for semi-permanent storage of data in 
digital computers or for use as delay lines 


Designed to purchaser's requirements 

Guaranteed accuracy of drum runout .00010”’ T.I.R. or less 
Air bearings or super-precision ball bearings 

Beit drive or integral motor drive, speeds to 100,000 RPM 
Capacities to 5,000,000 bits 

Vertical or horizontal housing 


Head mounting surfaces to suit 


High density magnetic oxide or electroplated magnetic alloy coating 


High Speed Motors, Spindies and Drums 


Bryant designs and manufactures electro-mechanical 
components for precision operation up to 200,000 
RPM, to your requirements. If you have a problem in 
applying high speed rotating equipment to your prod- 
uct, write Bryant today. 


BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
DIVISION OF BRYANT CHUCKING GRINDER CO. 
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telephone dialing system tor big-city 
ubscriber: It plans to set up Hart 
ford, Conn., for the same serv 

June 

> Within the space of one April week 
two governments—the U.S. and Can 
ida—awarded electroni ontracts to 
Raytheon Mfg. Co. ‘The contract: 
for more than $51 million, call for 
Raytheon to produce airborne ele 
tronic equipment for the U.S. ($46 
million) and to develop and manu 
facture radar installations for 15 
Canadian airports ($5 million Dhe 
U.S. contract is one of Raytheon 
largest in recent year Features of 
Raytheon’s Canadian project (Airport 
& Airways Surveillance Radar) are a 
40-ft antenna providing a 200-mil 
wide, 70,000-ft-high scanning rang¢ 
ind choice by the operator of either 
linear or circular polarization of the 
radar signal 

P ElectroData Corp.’s Datatron digi 
tal computer, which last New Year 
Day gave the one-two (binary, that is 
to two-le gged football prognosticator 
(CtE, March, p. 12), has pointed it 
indefatigable digits at baseball. Afte: 
scanning performances of all 16 major 
league teams over the past three sea 


ice ill 


sons, it printed out this prediction 
Detroit in the American League 
dogged by Chicago and New York 
and Brooklyn in the National League, 
followed by Cincinnati and New York 
If Datatron is right, Detroit will have 
an easier time with New York than 
with Chicago, although respective 
odds on Detroit and Chicago taking 
the pennant are 40-1 and 9-] 

> Convair’s new dynamic shock-test 
ing machine, which reduces drop tow- 
ers to golf-bag size, will be manu 
factured and sold by Consolidated 
Electrodynamics Corp. Additional 
features of the hydraulic instrument 
application of widely varying forces 
for controlled periods, building-block 
assembly for specific problems, simul 
taneous firing of several accelerators 

> Clary Corp.’s Automatic Controls 
Div., which handles the guidance end 
of the Corporal, Navaho, and other 
missiles, has taken on a batch of new 
orders. To enable it to handle the 
influx, Clary has expanded the divi- 
sion’s production and _ engineering 
facilities and made the following ap- 
pointments: Benjamin Ohannesian to 
assistant manager for the new Opera 
tions Section; Jay Borden to chief 
engineer, and James Gorner to chief 
production engineer for the new Pro- 
duction Engineering Section. The 
division’s versatility has increased 
along with its production rate and 





Everything offered by previous CEC Leak De- 

tectors ... plus new simplicity, new convenience, 

and a startlingly low price. That's the story in a 

nutshell of Consolidated’s new Type 24-210 Leak 

here's new convenience, Detector, newest instrument from the company that 
new economy in asp mass-spectrometer leak detection practical 

ae ; It's usable wherever perfect seals are essential in 
positive leak detection eee the production of electronic components, in testing 


glass-to-metal seals, checking welded or soldered 


joints, locating or determining the size of leaks in 


; ’ 
Consolidated S any evacuated or pressurized system. It is extremely 
new type 24-210 simple to operate... just plug it in and start it; 
leak detector there is no extended pump-down period, and no 


as 


special traiming or experience is needed 


research, maintenance production, 
combat leaks safely j 14 and 


nome aly check the 


24-210 Leak Det 


Ne cold trap, ne charceal trap requires no attention, 
no filling with refrigerants 


Positive interlocks ...to prevent instrument damage 
due to improper operation 


Highly sensitive... detects one part of helium probe 
gas in 300,000 parts air 


Convenient... all controls on front panel; all elec- 
tronic components readily accessible 


eHighly simplified... etched circuits for compactness 
and reliability; only six tubes in entire chassis 


Accessories to increase 


sox Saeed Compact and portable... measures only 18'2” wide x 


ience and usefulness te am 99" eo 7014" 7 pig — 
include: Sampling — >a 22” deep x 202" high; weighs only 145 Ibs... per 

Probe (right) for : fect for bench-top operation; plugs into 115-volt, 
pinpointing leaks in 
pressurized systems; ; 60-cycle line. 

Audio Alarm (above M, 
right) which provides + *Economical . . . uses little power; helium gas only op- 
audible signal whose “ . 2 
pitch varies with the erating supply needed. 
size of the leak; 

Mobile Workstand *low cost... achieved through advanced design; qual- 
stni aun haan ity, dependability maintained at highest level 
ment, provides work 
table, drawer facility, and lower shelf for 

mounting auxiliary vacuum system 


hett-iniee tec Consolidated Electrodynamics 
complete description CORPORATION 


of CEC's new 24-210 formerly Consolidated Engineering Corporation 
Leak Detector 


Ask for Bulletin 300 North Sierra Madre Villa, Pasadena, California 


CEC 1830-X7 
‘ : ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


Sales and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dalla 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. ¢ 
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Special 
“Vest-Pocket”’ 
controls 


for 


HAZARDOUS 
LOCATIONS! 


SEND FOR BULLETINS 





SELF-ENCLOSED 
SWITCH mounted on 
central. . .one low fost 

no bulky extra en 
closure ta buy or make 
room for 


U. L. APPROVED — for 
Class |, Grovps C and 
D; Class ||, Groups E, F 
and G 





MODEL RVS 
Recording 
Temperature 
Control 








Vest-pocket size! Vest-pocket price! Recording, 
Indicating and Non Indicating Explosion proof 
Controls for use with gas, oil, steam or water 
valves, or with electrical equipment. —30F to 
1200F ranges. Single pole double-throw switch 
permits use in two-wire or three-wire circuit; or 
in two-wire AC circuits, with extra terminal for 
actuating signals, timers, stirring mechanisms, 
dampers, etc when control femperature is 
reac he d 


WRITE FOR BULLETINS 


the pioneer in mercury thermal controls 
Offices in All Principal Cities 


THE PARTLOW CORP. © NEW HARTFORD, N.Y 
Export Office: Ad Auriema, 89 Broad S$t., New York 
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capacity, and new, high-speed to 
machinery soon will be moved int 
its twice-as-large Design & Develop 
ment Section. 

> Elgin National Watch Co., 

has made frequent fora into the 
clectronics field during the past tv 
vears In a move to diversify operation 
has herded these acquisitions into 
new Micronics Div. Granted 
breather from government procure 
ment of ammunition components and 
bolstered by President J. G. Shan 
non’s declaration that opportunitic 
for watch-precision miniaturization 
are “virtually unlimited’, Elgin ha 
assigned the division a three-year sale 
goal of $25 million. Functions and 
personnel of the company’s Ordnance 
Div. are being channeled into Mi 
cronics, which is headed by Georg: 
W. Fraker, former chief of Ordnance 
At the same time Elgin has pulled 
the wraps off a few of its develop 
ments in military miniaturization 
Among them: a high-voltage power 
supply unit whose weight can be mea 
ured in ounces; a pulse generator 10 
per cent the size of an earlier mode! 
and 75 per cent as expensive; and a 
detecting element whose cost is | 
than one per cent, size 50 per cent of 
estimate. 

PA 50-kw nuclear research reactor 
the first reactor earmarked for the Fat 
Kast, will be built at Japan’s Atomi 
Energy Research Institute, Tokyo, by 
North American Aviation’s Atomics 
International Diy. A contract b« 
tween the American company and 
AERI calls for compl tion of the reac 
tor within a year. It will be used for 
studies in botany, biology, agriculture 
materials research, radioisotope pro 
duction, etc. Cost: $250,000 

P Simpson Electric Co., producer of 
electronic testing instrument ha 
formed an Avionics Div. to handle 
what for Simpson is a new line: ait 
craft components Under Dudle 
Hansen, the division is at work on 
its first volume order: a range-finder 
said to be the first to incorporate th 
D’Arsonval self-shielding core-move 
ment magnet. 

P'I'wo new divisions have joined 
Perkin-Elmer’s Vernistat Div. in sp: 
cial-purpose work (Vernistat has been 
turning out potentiometer-type de 
vices for servo systems and analog 
computers since 1954). “An antici 
pated growth in their respective fields 
was the reason given by President 
Richard §. Perkin for establishment 
of the Instrument Div. (development 
production, and sale of laboratorn 


Business news continue n ; 





OMT ae) 
Taper wound 


RHEOSTATS 


EQUIVALENT TAPER-WOUND 


4A smaller rheostat may often be used for a given load by linear-wound rheostat adds a con er of ohms per degree 
having the rheostat windings tapered or wound in two or more of rotation to a constantly inere ber of ohma, the current 
sections of diminishing wire sizes. This can be done because only changes more slowly as the rv increased, A tapered 
the first turn of the winding carries the maximum current winding, by increasing the number per egree ot rotation 
BUCC EEE ling turns carry reduced amounts This makes possible as the total ohms in circuit ine i 1 current curve 
great savings in control panel space, m iking Ohmit« taper-wound more nearly linear 
rheostats particularly useful in portable equipment Ohmite taper 


Ohmite ha in extensive 
wound rheostats are also very durable because they use the largest 


will ce sigh special t ipered wil 


wire 81Ze8 practi al for the current to be carried 


MORE UNIFORM CONTROI For a given applic ation, the Write on company letterhead for 


tapered winding also provide s more uniform control. Because a Catalog and Engineering Manual N 


OHMITE MANUFACTURING COMPANY, 3674 Howard Street, Skokie, lilinois (Suburb of Chicago 


MORE OWMITE RHEOSTATS SOLD THAN ALL OTHER MAKES COMBINED 


Wohl with 
O TF) AAW aie 


RUEOSTATS © RESISTORS + RELAYS © TAP SWITCHES 





Reliability for the 
heart of your 
electro-hydraulic 
servo control 


Typical 
Sanders high-flow 
servo valve inetal 
lation, 


In the development of automatic 


control systems involving posiaon 
Sanders Associates 


completely equipped elec- 


velocity or torce 
maintains a 
labora- 


tro-mechanical and hydraulic 


tory devoted to systems engineering 

The hearts of these systems are the 
Boot Strap” electro-hydrauli 
servo valves designed and buile by 
Sanders. From the largest (0-400 GPM) 
to the smallest (0-1 GPM), these valves 


Various 


can be integrated into any complete sys 
tem requiring high frequency response 
reliability and simplified operation 

For both industrial and military ap 
plication, Sanders electro-hydraulic con 
trol systems have a record for reliable 
performance under 


extreme environ 


i 
mental conditions If you are seeKing 


maximum efficiency for similar systems 


Sanders engineers are glad co contribute 


their experience to your needs, Simply 
write to Dept, CE-G 
Vital control functions performed by 
Sanders Electro-Hydraulic Servo Valves 
Aircraft and missile control systems 
Atomic-powered submarine steering 
and diving system 
Anti-aircraft gun systems 
Aircrafe teste facility systems 
Rocker and jet engine fuel control 
systems 
Widely varied process control 
systems 


*T, M. Sandera Associates 
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Important Moves 
by Key People 


Pin need of a general manager for 
its new San Jose, Calif., plant (CtE, 
April, p. 35), IBM found one at its 
Kingston, N. Y., Military Products 
Center. But the transfer to the coast 
of Kingston General Manager Gavin 
A. Cullen made several changes man 
datory in the upstate New York com 
munity. Among the new appoint 
ments there are these: Robert P. 
Crago, formerly assistant general man 
ager, to general manager, succeeding 
Cullen; Richard J. Whalen, former), 
manager of engineering, to assistant 
general manager, and Harold D. Ross, 
formerly manager of development 
engineering, to manager of engineer 
ing. Cullen, who joined IBM at 
indicott, N. Y., in 1932, will direct 
both manufacturing and production 
engineering activitics at San _ Jose. 
Crago, who started in 1949 at Pough 
keepsic, N. Y., led a computer project 
there in March 1955. Whalen and 
Ross joined IBM in 1949, the first 
at Poughkeepsie, the other at Endi 
cott 

P Joseph T. Johnston, formerly dircé 
tor of quality control for Consolidated 
Electrodynamics Corp., has advanced 


H. D. Ross 


7 
J. T. Reid 


J. T. Johnston I 


A. O. Black 


to top consultant in a guided mi sil 
instrumentation group faking the 
position left vacant by Johnston 
Ahlert P. Stuhrman, who mes to 
Consolidated from Convair-Pomona 
where he has been manager of quality 
control. Before joining ¢ 
in 1954, Johnston was with General 
Electric Co. and Convaii 
Stuhrman served as director of engi 
neering for Electrotechni 
Vice president and chief engineer of 
Wilcox Electric Co., and with East 
em Air Lines and Pan American Ait 
ways before going with Convair three 
years ago. 

> Motorola, Inc., has made two ap 
pointments mit Semiconductor 
Products Div. Dr. William E. ‘Taylor, 


formerly senior project leader of ma 


onsolidated 
) 
Pomona 


Corp l 


terials research, becomes chief 
neer of the Materials Ri ch Dept 
and Dr. W. R. Sittner, most recentl 
with Hughes Aircraft Co. and Pacifi 
Semiconductors, In 

ciate director of the di 

and development. ‘laylor, who h 
been a metallurgist in the Oak Ridg« 
National Laboratory, joined Mot 

ola’s semiconductor program at it 
inception in 1952. Sittner has had 
idditional experience with Bell Tel 
phone Laboratori 

P john T. Reid, the n 
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l'aylor 


R. S. Medlock 








waren" FCONTROLS TEMPERATURE 


REGULATOR 


HEADQUARTERS UNDER ITS OWN POWER 


U.S.A. 
COMPLETE LINE OF REGULATORS, VALVES, MIXERS, AND CONTROLS FOR LIQUIDS, AIR OR GASES. 


Whether it's designed in process 
equipment or added later, the 
Fulton Syiphon No. 999-T Tem . 
Over-run” feeture pro 
perature Regulator provides the tects regulator against 
damage if tomperature ot 
the bulb cccidentally en- 
coeds reguiotor range 


accuracy and simplicity that mean 
lower first costs—lower mainte- 
nance costs—and lower process 
ing costs. It's completely self- 
contained, uses absolutely no out- 
side power to detect temperature 
or to control it. And with its 


Available with or withdéut 


$ an easy-to-read thermom- 
famous Sylphon bellows, it has eter that accurately shows 


the powerand sensitivity forhighly tomperetvre ef the bu. 


-seetesseeeeee: ot 


responsive control action 


Entra large two-ply seam 
less Syiphon bellows os 
Added strength of stain- : : sures long life—provides 
less steel frame resists oc- - extra power for positive 
cidental blows—keeps control action 
bellows and stem aligned. 


Regulator is available with 
Ball-bearing wheel turns ‘ bulb shown for control of 
easily to change control liquids or with other types 
point settings. A clearly F for air, gases, etc, Made of 
marked scale shows adjust- “ 
ments at o gionce. 


Se ee ee 





- 
oe NO. 999-T TEMPERATURE REGULATOR 


Available with 60 F ranges between 20. and 455 F 


Variety of valve types in sizes from 4 to 4 


Robertshaw-Fulton Controls Co. 
FULTON SYLPHON DIVISION 


Knoxville 1, Tenn 
[_] Send literature on Temperature Regulators for 
industrial Processes, Catalog D- LW 
- 
@ Name 
Mi Controt CONTROLS COMPANY 


FULTON SYLPHON DIVISION 


Knoxville 1, Tenn. 
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AK aviation goes higher and higher in exp atio 
and flight in upper altitudes, the requirem 

for airborne components become more demanding. 
Rugged operating conditions for such components are 
anticipated and built into the entire IMC line of 
AC and DC subfractional, servo and gear motors 
fans, blowers and dynamotors. Each unit is custom- 
engineered to insure optimum performance under 
extreme conditions of humidity, temperature, vibration 
and altitude. Quality materials are combined with 
forward-looking engineering know-how to provide a 
line that has consistently proven its superiority in a 
wide range of industrial and military application. 


IMC components have been chosen repeatedly 
reliability in critical airborne installations. This is 


directly to a number of “plus” design features which‘ 


are standard in the line. For example, each motor is 
built to the closest possible tolerances to assure peak 
performance at all times. All rotating parts are dynam- 
ically balanced, with precision ball bearings used for 
longer life. The entire line—from the 1/1000 to the 1/10 
hp units—features a performance quality all its own 
... at a level of efficiency all its own. 


Our skills and facilities are available for assignm 
your motor application problems. 


CONTROL ENGINEERING 


WHAT’S NEW 


manager of ASME, has been on the 
society's staff since 1951. Before that 
he was with Westinghouse Electric 
Corp. at Newark, N. J., and the Lock 
Joint Pipe Co. of East Orange, N. J 
> New president of Magnetics, Inc., 
is Arthur O. Black, a founder of the 
company and former executive vic 
president and director of sales. Wil- 
liam D. Dickey is the new executive 
vice-president. Black served several 
years on the developmental engincer 
ing staff of the Naval Ordnance Lab 
oratories. Dickey, who will also b« 
general manager for production, was 
with H. K. Porter Co. before joining 
Magnetics last year. 

> Reginald §. Medlock, who heads th 
Research & Development Dept. of 
George Kent Ltd., Bedfordshire 
Kngland, has been appointed to 
Kent’s board He recently chai 
manned the Control Section of th 
Society of Instrument ‘Technology 
(England) 

>» The new director of flight test opel 
ations for Ramo-Wooldridge’s Guided 
Missile Research Div. is Dr. John 
Sterner, a former vice-president of 
Baird Associates, Inc He helped 
found Baird after serving for fou 
years in the Army Ordnance Corps’ 
metallurgical research laboratory at 
the Watertown, Mass., Arsenal. He 
will direct his division’s operations at 
Patrick AFB, Florida 

P As chief of the Solid State Physics 
Section of the National Bureau of 
Standards’ Atomic & Radiation Phys 
ics Div., Dr. Hans P. R. Frederikse 
will direct research on electrical, opti 
cal, thermal, and mechanical proper 
tics of intermetallic semiconductor: 
and grey tin. F’rederikse, a native of 
The Netherlands, lectured in the 
Physics Dept. of Purdue Universit: 
before coming to the bureau in 1953 
>S. Albert Lazoni, formerly chief 
engineer in the Cathode Ray ‘Tub 
Div. of National Union Electric Corp 
has been named assistant to the presi 
dent of Decker Aviation Corp. In hi 
assigned area of engineering, research 
and development, Lazoni will deal 
primarily with rocket and satellite in 
strumentation. 

> With William J. Katt’s transfer t 
the automatic process control group 
of Monsanto Chemical’s Research & 
Engineering Div., Frederick W. 
Enoch moves up to manager of the 
electrical and instrumentation section 
of the Organic Chemicals Div., the 
spot vacated by Katt. Both appoint 
ments are in the company’s Engineer 
ing Dept. Katt joined Monsanto in 
1947. Enoch, most recently a group 
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High temperature switch 


High inrush 
capacity Cc 


J...THEIR USE 1S A PRINCIPLE OF 


Sensitive 


mercury switch 


Small, high capacity 


A continuous flow of 
Precision Switch developments 





anticipates designers’ needs 


Whatever your requirements for an ex- 
tremely reliable precision switch, there 
is—or can be—a MICRO SWITCH product 
to meet it. It makes no difference whether 
your switch must control sensitive elec- 
tronic devices, instruments or heavy 
automatic machinery. Experienced de- 
signers save time and money by check- 
ing with MICRO SWITCH — pioneer manu- 
facturer of precision switches. 
Illustrated are a few examples of the 
wide range of MICRO SWITCH units to 
meet design requirements. These in- 
clude hermetically sealed switches, 
switches for control of multiple circuits, 
switches resistant to high temperatures, 
heavy duty switches with high elec- 
trical capacity and very small switches 
—all for extremely precise operation. 
A-+High temperature switch. This switch 
will operate satisfactorily in a tempera- 
ture range of from —50° F to plus 
1000° F. Originally designed for use in 
jet aircraft applications, on or near the 
after-burner, the switch is equally use- 
ful for industrial applications which re- 
quire high temperature components. 
B-Two-circuit double-break switch fills 
the need for a small, two-circuit double- 
break switch for controlling two isolated 
circuits. This allows greater flexibility 
and simplicity of circuit design. A snap- 
action spring provides quick make and 
break of both circuits in each double- 
break circuit. 


C-High capacity, sealed plunger switch. 
Compact, easy to mount precision snap- 
action switch which combines long life 
and reliability with the capacity to 


make and break steady state currents | 


of 20 amperes and to handle inrush cur- 
rents as high as 75 amperes. 


D-V3 small, high-capacity switch: MICRO 
V3 switches have extremely high elec 
trical capacity for their size. They were 
developed to meet exacting design re- 
quirements for an extremely small 
switch with no sacrifice of quality. V3 
switches are available with a wide vari- 
ety of circuit arrangements, operating 
characteristics and actuators. 

E- Sensitive mercury switch with 4° op- 
erating angle. Small Honeywell Mer 
cury Switches are designed to meet the 
demand of small load circuits and appli 
cations where space and economy are 
critical factors. Ratings may often be 
extended successfully down to micro- 
volt milli-ampere ranges. 


GOOD DESIGN 


NEW! 


An “Electrical Memory” 
Switch "4 


Toggle 


Here is the first in a new series of “‘electri- 
cal memory” toggle ewitches. It is a four- 
pole assembly with one pole to indicate 
which circuit was last operated, It prom- 
ises to simplify and pashene revolutionize 
some basic circuit designs of complicated 
ground radar units, computer devices, air- 
craft control panels and other types of 
remote control equipment. 


LEVER PORTION NOt 
(MOMENTARY POSTION, 


LEVER POSITION Ww 
(MOMENTARY POSIT 


MICRO 


Qorroes 

WO SAND 4 

wy 

Lever Position Lever Pesilion 
No? Le 


nO Tee NE Tet WE VoE€ 
Curcurt Made Circuit Made ss Cirewit Made 
nO Tot NC. TeC nC Te€ 
Cwrcurt Made Crrcuit Made —s Cirewit Made 
; NC. Tet WC. Tel nO Tel 
Curcust Made Cwrcuit Made Cucunt Mode 
Switch No 4 nc Tet . nO Tel 
Cucuit Mode Cwewlt Made 
“WC. ToC Cuwcuit Made it Lever Last Moved To Lever Postion Ne. 1 
“nO. ToC. Cwrewit Made it Lewer Last Moved To Lever Position No 3 


Lever Powten 
No | 
Switch No 


~ Switen No. 2 


“Switch No 


The assembly uses three single-pole, dou- 
ble-throw functional basic switches and 
one single-pole, double-throw “memory” 
switch 

In application the “‘memory" switch indi- 
cates through a pilot light or buzzer which 
circuit was last operated. 

The three functional switches operate at 
three lever positions: maintained center 
and momentary from eac hextreme position. 


Electrical rating of basic switches: 5 amperes 
125 or 250 volts a-c. The d-c rating at 30 
volts: inductive—3 amperes at sea level 
and 2.5 amperes at 50,000 ft.; resistive 

4 amperes at sca level and 4 amperes at 
560,000 feet; maximum inrush— 15 amperes. 





For complete information on any of these switches or the complete 
MICRO SWITCH line, call the Micro switcn branch near you, 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY H 


In Conede, Leoside, Toronto 17, Ontorio 


* FREEPORT, ILLINOIS 


oon rer 
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leader at Monsanto, IIl., joined in 
1940. 

P Vernon B. Benfer, appointed gen- 
eral manager of the Aircraft Engineer 
ing Div. of Lear, Inc., has been staff 
assistant to the president for the past 
three years. He joined Lear in 1950, 
after experience with Lockheed Air 
craft Corp., the Glenn L. Martin Co 
and the Aeromatic Propeller Div. of 
Koppers Co. 

John E. McBrian, who joins the 
development engineering staff of 
North Electric Co. as senior elec- 
tronics project engineer, has done ele« 
tronics work with the National Broad 
casting Co. and L. M. Ericsson Co 
of Stockholm, Sweden. 

> Another man who stayed with th 


BUILDING Precision Potentiometer Div. when 


Electro Circuits, Inc., sold it to Gen 
“RRAINS” eral Controls Co. (CtE, May, p. 28 
has been raised by GCC. He is FE. 
Edwin McKinney, who becomes field 
is OUR engineer for PPD at Burbank, Calif 


P Frank H. Squires, the new director 
BUSI ty ESS of quality control for Topp Industric 
Inc., has held similar posts with Lear 
Inc., Hughes Aircraft Co., Air Asso 
ciates, Inc., and Thomas A. Edison 
Industries. He is chairman of the Lo 
Angeles section of the American So 
ciety for Quality Control 
> Sidney Kasindorf, who in 1924 min 
For more than 40 years North has pioneered iaturized the five-tube radio to the 
in engineering and manufacturing “brains” smallest size then known, has been 
for switching, supervising and recording, in named director of product engineering 
communications and in systems or com- for TelAutograph Corp.'s TelAuto 
ponents for: graph Div. He has done communica 
tions work with Packard-Bell Co., 
®@ Computation Federal Telecommunications Labora 


=f tories, and Hillyer Instrument Co 
®@ Remote supervision and control of un- al @: Watlew Co, tees added De 


manned equipment. Charles W. Vickery, formerly math« 
Data input and output sequencing. matical consultant to Fairchild Engin« 

& Airplane Corp. and Republic Avia 
Memory and reporting functions. tion Corp., to the research staff of 
its main laboratories in Hoboken 
N. J. He will do experimental work 
Other airborne automatic controls. in electronic component testing. B« 
fore entering the aviation field, he 
did operations analyses for the Naval 
Ordnance Test Station in California 


Missile guidance. 


Many other “automations.” 


When you must meet critical industrial or 
military specs which go beyond the usval 
meaning of “dependability” call on North to , 
collaborate in or take over your problems. Control Engineer Pens a Few 
Our field engineers are strategically located ann Se ee Appredeten 
in the important industrial areas. A headline-writer friend of ours 

can’t help taking his foot off the gas 

when he passes a billboard and count 

ing the letters in the message. You'd 

N 0 RTH ELECTRIC C 0 MPANY think another acquaintance, a lighting 
expert, is an art connoisseur, the way 
he pulls up short in front of every 
painting he sees, but he’s just inter 


INDUSTRIAL DIVISION 5315. Market $t..Galion, Ohie 
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‘y= Your Product, °“% 
2 Process or Service also 
can be ready sooner 


*s with the a 
B ( Bendix” Computer. a 


5 


i 


Bendix General Purpose Computers are saving users untold 
years of engineering time. This time-saved factor, as in the cam 
designs described here, is the common denominator which makes 
the Bendix Computer so effective in every line of work where 
complex mathematical problems must be solved 


PROBLEM: To design 14 cams for control mechanisms. The radii (approximately 1400) of each « 


were to be computed at even %° points with the radii accurate to the nearest ten thousa 
an inch 


CONCLUSION: (Directly quoted from the Bendix user) “Figuring conservatively, several hundreds of 
thousands of equations were solved in the 40 hours needed to run the cams on the Bendix G-15 Co 
It has been estimated that it would take an engineer about three years to do the same work an 
sibly a fourth year to find his mistakes. Computing with the G-15 not only cut the cost of the task 
often more important, freed engineers for other work and enabled us t 
units on the market ahead of competitors.’ 


The Bendix G-15 is a high speed, large capacity digital computer. Because of 
its low cost, users have found that the Bendix Computer can be written off in 3 
years or less with the savings it can effect 


Bendix Computer Division, Bendix Aviation Corp 
5630 Arbor Vitae Street, Los Angeles 45, Calif. 


Tell us how we can economically use the Bendix Computer 
and control functions 


Name Title 


Company Address 





RELAYS 


Cramped quarters 

don’t cramp the style of 
ADVANCE midgets and 
miniatures. You can use 
them on loads up to 5 
amperes continuously... 
and at three times their 
rating intermittently — 
with complete safety. 
They'll resist shock and 
vibration... stand up 
under temperature 
extremes. You'll find them 
readily adaptable to any 
mounting need... any 


type of duty. 


MK SERIES 

This ultra-small dc relay occupies 

less than Y% cu. in. mounting space! 

It's stable under vibration and shock 
. plated to prevent corrosion. Oper- 

ate time is 5 milli-seconds. Contact 

rating: .5 amp 


TQ SERIES 

Only .94 cu. inches in size, yet this 
relay carries 5-amp. loads in any 
combination up to 4 PDT. Mechani- 
cally secured throughout, it's 
extremely efficient. Non-gassing 
insulation. Withstands 10G vibration. 
Temp. range: —55° to +-125°C. 


General Purp 


MG & MF SERIES 

Endless uses for this midget AD- 
VANCE relay. It’s engineered for high 
efficiency and low price. Operates in 
any position, with positive contact. 
Light vibration and shock resistance. 
Two-amp. or 5-amp. contacts 


WHAT’S NEW 


ested in the way the picture is illumi 
nated. We think ther omething 
very quaint and human about thes 
quirks, and we feel a certain affection 
for the gentlemen who possess them 
So it's no wonder we were captivated 
by the reactions of one control engi 
necr who attended a recent symphon 
concert. This fellow, who came to 
our attention via Personnel Adminis 
tration magazine, scems a likely candi 
date for our list 
Apparently absorbed in thought 
about miniaturization, conservation of 
equipment, overshoot, step-input, and 
the like, the engineer took hi cat 
in the concert hall and proceeded 
to listen He returned to h labora 
tory several hours later and entered 
the following remarks in his notebook 
‘lor considerable periods the obo« 
players had nothing to do. ‘The 
number should be reduced, and thi 
work spread out more evenly ov 
the whole of the concert, thu 
climinating peaks of activity 
It was noted that all twelve first 
violins were playing identical notes 
Chis seems unnecessary duplication 
the staff of that section should be 
drastically cut If a large volume 
of sound is required, it could bi 
obtained by means of electron: 
implifier apparatus 
Much effort was absorbed in thi 
playing of sixteenth and so-called 
‘grace-notes.. ‘This is an excessive 
refinement. It is recommended that 
all notes should be rounded out 
to the nearest eighth note. If thi 
were done, it would be possible to 
use trainee and lower-grade opera 
tives more exclusively 
“There is too much repetition of 
some musical passage Scor 
should be drastically pruned. No 
useful purpose is served by repeating 
on horns and wood-winds a passage 
which has already been adequatel 
handled by the string It is also 
estimated that if all redundant pa 
sages were climinated the whol 
concert time could be reduced to 
twenty minutes, and there would 


Some examples: Hermetic enclosures on these types are impervious 


to varying climatic conditions... are sealed and carefully 
checked against leakage. 


be no need for an _ interval or 
intermission, 

Ihe conductor concurs gencrally 
Write for literature on any of the above series, with these recommendations, but 


or the complete ADVANCE line. expresses the opinion that there 


might be some falling-off in box 
ELECTRONICS DIVISION office receipts. In that unlikely 

event, it should be possible to clos: 
ELGIN NATIONAL WATCH COMPANY ; 

with a consequent savings in over 
FOR RELAYS: 2435 N. Naomi Street, Burbank, California head, lighting, janitor service, heat 


sections of the auditorium entirely 
Sales Representitives in Principal Cities of U.S. and Canada ing, etc. 
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IF YOUR COMPANY NAME APPEARS HERE... 


There is a FREE 5-amp High Efficiency Germanium Rectifier 
Reserved for your Chief Engineer—Write for it! 


ormitzer Electric & Mfg. Ce i Kahn & mpany 
ougias Radio Laboratories Kay Electric ( 
Dressen-Barnes Corporati 


ARF. Produ ompany 
Acme Electr Kay Laboratories 
Adier Comr s Laboratori« Dumont Laboratories, in 


Kearfott Company 
Air Associates fi t 


ration 

5 astern Precision Resistor Corporat Keithley instrument y ' und Development 
Aircraft-Marine Product Electrical & Physical Instrument Cor, Ker Laboratorie 

Airpax Products Company Electro Engineering Products 


Keystone Products Con 
Alcor Electror Corporatior Electronic 


is ) / y , equ " ’ pany 
Research Associates, |r Krohn-Hite 
Alden Electronic & Impulse Recordir Elim Laboratories 

Equipment Company 


instrument ( y mpany, ir 


L. M. Electron f pr wporatior 
El-Tronics, In Langevin Manufacturin { { ew Company 
ed Engineering Division, A Empire Devices Products Cor, Lenkurt Electr 

nternational in 


Endevco Corporation evinthal Electror 
Amera 
Entron. in Link Aviation. tr 
F Radio Corn 
& Rac Essex Electron Lynmar Engineer 
Anton Electron aboratories, ir 
nton Ele nic Laboratorie Fanstee! Metall = a ; sagnatic Recearel 
Approved ectron nstrument Cort 
pproved Electronic | : Farnsworth Electronics Div. of 1T&T Magnetics Research ( 
Arga Div., Beckman Instrument , 
Federal Mig. & Engineering Corp Mallory & Company, Ir 
Federal Telephone & Radio Company McCoip 
Authorized Manufacturing C A Division of IT&T : 
Measurement Engineering 
Avion instrument Corporatior 


Barker & Williamson Ford instrument Company, Division Mid-( tury inst tic ( 
i on aftr m { t 
mort Ate soy scare The Sperry Corporation d-Century Instruma ‘porta 


ymic instrument Company 


n-Christie Corporat 


Fiuke Manufacturing Company, in 
. — Mercury Electronic Company 


Bomac Laboratories, in Franklin Electronics, Inc Millen Manufacturing Company 
Bradley Laboratories, in Freed Transformer Company, |r Millivac Instrument Corporat 
Bristol Company, The Furst Electronics Mode! Rectifier Corporatior 
Browning Laboratorie P jates Radio Company Moloney Electric Company 
Brownthorn Electronics, | General Magnetics, inc Multi-Products Company 
Bruno-New York industries Corporatior General Precision Laboratories, Ir rea onal Union Electr 
Buck Engineering Company, in seneral Rad:o Company nae Jersey Electronics Cor; 
ighs Corporation, Electron jramer-Halidorson Transformer Cor, vew Rochelle Tool Corporat 
truments Divisior Gray Research & Development Co ‘ New York Transformer Con 
sledonia Electronics & Gyro Electronics Company North American Philips ¢ 
Transformer Company Harrison Laboratories, Ir Northeast Electronics ( 


Carter Motor Company Harvey Wells Electron f Northeast Scientific Cor; 


Chatham Electron Div. of Gera Cort Heath Co.. A Sub. of Daystrom. in: Northeastern Engineering 


' 


Clark Crystal Company Hermetic Seal Transformer Company Nucleonic Company of America 
mmunication Measurements Lat f Hewlett-Packard Company Omega Laboratories, |r 
Computing Devices of Canada, Ltd ndustrial Test Equipment Company Opad Electric Company 
Condenser Products Company instrument Development Labs., |r Ortho Filter Corporat 
Cornel|-Dubilier Electric Corporatior nterelectronics Corporation Otis Elevator Co.. Electror 
Cubic Corporation ames Vibrapower Company Perkin Engineering Corp 
Daystrom Pacific Corporation ersey City Technical Laboratory Permofiux Corporatior 


DeMornay-Bondardi, tn K-V Transformer Corporatior 


‘ 

Cmeasvel Electric has reserved a new high-efficiency germanium 
rectifier for the chief engineers of the 161 companies listed here. 
Fach firm makes a product which may benefit greatly from new 
G-E germanium or silicon rectifier 


Test It Yourself. To prove the superiority of new G-E rectifie: 
test the sample unit in your design lab. See the results for your 
elf. Please send the name of your chief engineer, and mention the 
product for which your sample rectifier is desired when v 

A Full Line Of Semiconductors. G.E. offers a wide line of semi 
conductors for industrial and military circuits. See your G-E Semi- 

conductor Specialist for full technical details. Or, write toda 

General Electric ¢ ompany, Semu onductor Products, Section X906¢ 

Mlectronics Park, Syracuse, New York. 4JA3011 Germanium Rectifier 
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BEATS 


ERY SECOND 


without a miss: 


a ee**eog. > A Every signal, in a telemetering system, passes 
p " ®.\ through the commutation switch — truly the 
heart of the system. 


i. 
Pid 
2 


gO SOOes, 


To provide superior operating characteristics at 
this focal point, Mycalex Electronics Corpora- 
tion developed Mycalex Model TM-55 Series 
Commutation Switches using SUPRAMICA® 
555 ceramoplastic commutator plates. 
Test results showed unquestionable superiority: 
5500 hours at 600 RPM, 

with only a simple brush cleaning 
170 hours continuous operation at 1800 RPM 
... and still functioning perfectly with a clean, 
unchanging signall 


SUPRAMICA 555 ceramoplastic is precision- 
molded in a wide variety of shapes and sizes 
offering: absolute dimensional stability—zero 
moisture absorption — dependable operation 
at temperatures as high as 950°F. — precise 
tolerance control — high dielectric strength 
— contacts cannot loosen even at widely dif- 
ferent operating temperatures. 
For information on Mycalex Model TM-55 
Series Commutation Switches, MYCALEX® 
glass-bonded mica, and SUPRAMICA® ceramo- 
plastics, write to General Offices and Plant, 
Box 311, Clifton, New Jersey. 

*600 RPM Operation 


ose 


ee. 
a 
MWY ac A Iu. EC x ELECTRONICS CORPORATION txecurwe orrices: 


90 ROCKEFELLER PLAZA NEW YORK 20, NEW YORK 











UNDER EXCLUSIVE LICENSE OF THE MYCALEX CORPORATION OF AMERICA 


los Angeles Office: 

Mycalex Corporation of America, 5657 Wilshire Boulevard, Los Angeles, California, WEbster 8-2169 
Chicago Office: 

Mycalex Corporation of America, 6677 Northwest Highway, Chicago 31, Illinois, NEwcastle 1-7062 
Minneopolis Office: 


Mycalex Corporation of America, 8th St., Minneapolis, Minnesota, Fillmore 7701 
WORLD'S LARGEST MANUFACTURER OF GLASS- Washington Office: 


z 
BONDED MICA AND CERAMOPLASBTIC PRODUCTS Mycoalex Corporation of America, 1411 Pennsylvania Avenve NW, Wash.4, D. C., REpublic 7-7040 +] 
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WEATHERHEAD 


First in components 
for HYDRAULIC SYSTEMS 


Look at anything . . . anywhere in the world .. . in 
hydraulics, diesel power or machine tool applications . . . pagina joes 


equipment for instrumentation, oil drilling, mining, road 
building, petro-chemicals or even atomic power .. . 
chances are the vital air and fluid lifelines are secured 
with WEATHERHEAD. 








Be ere: 


SoS 
De ee ee, 
Bulk Hose z —_— 
ey — WE 
GE igne <= 


Weis 5 carro 
SELFALIGN 

















aa 











nd 








Pearman 
DRAIN COCKS 


4. % 


6% WEATHERHEAD WEATHERHEAD 








The only single-source hydraulic hose 
and fitting line. 
THE WEATHERHEAD CO., FORT WAYNE DIVISION Available coast-to-coast through 


Dept. AC-6, 128 West Washington Bivd., Fort Wayne, indione Weatherhead distributors. 
In Canada The Weatherhe id Co., Ltd., St. Thomas Ontario 


FIRST IN HYDRAULIC CONNECTIONS 
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* another new digital systems : 





foteTaalelolal-al Maoh mu - fem allot igelaliot fa -lelgeEa’ tial 1 


me) o] Toa bitot- lik Me -taleilal-1-1a lem lels 


use with BJ Vibrotron Digital Gages 


Indicates measurement signals from remote Vib- steps of 0.1 for a percentage type indication allow- 
rotron digital sensing gages directly in numbers. ing maximum utilization of digits. 


$s mperature or flow measurements ¢ , : ; ; 
Pressure, Cemperarase OF pounce pte May be used with printer or electric typewriter 
indicated directly in absolute or percent full scale wrt 
eueshore for permanent digital recording. 


Visual read-out is provided from 000 to 999 in Supplementary memory feature... see below. 


an 


, sie 
BJ VIBROTRON PDs so. — 
-|- a Ce ; » a 
DIGITAL GAGE of a group of BJ digital systems J = 
The heart of BJ digital systems is the building blocks engineered to indi- I | [ls 
tronic sensing device utilizes a vibrating temperature or flow operations. : 
wire which is tuned by an element sensi- 
tive to pressure, temperature or flow. 
The Vibrotron gage generates its own 
precision measurement frequency sig- 
, nals which can be transmitted by radio For full inf : h d 
link or direct wire without loss of aS CS SEENNEOS OS Wiese On 
accuracy. other new BJ-Borg-Warner prod- 
ucts, write for the special technical 
ee — file “Make Your Systems Count” 


° 
patented Vibrotron gage. This elec- cate, record and control pressure, 
is 
| l 
The P-T-F Digital Indicator and its 
auxiliary Memory File are designed 
for standard relay rack mount or 
can be individually cased. 








BJ MEMORY FILE 


This companion unit allows the BJ Digital Indi- 
cator read-out to be set to any desired base number 
(such as 000) ... and retains this base as a digital 
constant, a exe 


3300 Newport Boulevard + Santa Ana, California 
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A major step forward has been achieved 
by uniting Fairchild precision 
potentiometers with dynamically 
balanced and sensitive pressure-sensing 
elements. The result is a line of superior 
pressure transducers with potentiometer 
outputs and featuring all the 
characteristics of precision, reliability 
and quality that are identified with 
Fairchild potentiometers. A specially 
trained staff of engineers is at your 
service to consider problems of 
transducer design and manufacture to 
meet your specific requirements. 


MINIATURE | | 
PRESSURE TRANSDUCERS 


Featuring Fairchild 
accuracy and reliability 


The TP-200 illustrated is a new and smaller addition to the line 

of Fairchild Transducers. These components are now available in a 
wider range of resistances in either linear or functional, 

single or dual potentiometer output elements. Measuring only 
approximately 2” by 2”, the TP-200 features a single pressure 
sensitive diaphragm element which actuates one or two precision 
potentiometers through dynamically-balanced, stable mechanical linkage. 
It features unitized construction for easy assembly, field calibration and 
repair. Variations of size, conformation, and pressure ranges for 
measurement of differential, absolute, or gauge pressures are available. 
For complete information write Fairchild Controls Corp., 

Components Division, Dept. 140-77C. 


EAST COAST WEST COAST . — 
225 Park Avone | _—6111 Waning Bd YIRGCHILD 
PRECISION POTENTIOMETERS 
i! and COMPONENTS 
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We asked Servo Engineers what they needed 
For testing 
Servo Systems in: 


missile guidance systems 
aircraft control systems 


machine tool control 4 ar. 3 
material handling systems righ reg 
automation systems ; 


autopilots 





SERVO ANALYZER 


Sz 
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SS Se SS 
LECTRONICS COMPANY 


This new amplifier, coupled ‘to a Brush direct-writing oscillograph, provides a 
package unit to record performance of any servo system operating in the carrier 
frequency range of 50 to 10,000 cps. It offers performance features available 
for the first time— features requested by leading Servo Engineers in a survey 
made by Brush application specialists. 


EXCLUSIVE FEATURES 


Exceptional frequency response... on a 400-cycle carrier, 1 db down at 
100 cycles. On a 60-cycle carrier, 1 db down at 4 cycles, 3 db down at 7 cycles. 


Flexibility... a high impedance input permits use in either single-ended o 
balanced operation. Error signal is isolated from the reference signal. In addi 
tion, pen drive d.c. amplifier section can be used as a separate unit. 


High accuracy .. . phase-shift compensated attenuator permits holding phase 
shift to negligible amounts. Phase shifter with calibrated dial permits determin- 
ing phase shift between error and reference signals within 1 degree 

The Brush Servo Analyzer system permits complete servo operation testing and 
trouble-shooting. Immediately available records aid in: synchronizing signals, 
measuring feedback signals, carrier phase measurements, checking angular dif 
ference, measuring voltage magnitude and wave shape, etc. Ask your Brush 
representative for complete information on the Model BL-560, or write Brush 
Electronics Company, Dept. N-6, 3405 Perkins Avenue, Cleveland 14, Ohio 





BRUSH ELECTRONICS |"84"| coMPANY 


CLEVITE 


ELECTRONICS ConPonartion 5| 
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in test instrumentation...then we designed the 


rush 


AMPLIFIER 


HHT] 


$+ 

















@& Twochannel recording of test of servo control 
system. Up to six channels of information can be 
recorded if desired. 


Mobile instrument cart carries complete gear D 
for servo testing, consists of two amplifiers and 
dual channel oscillograph. Equipment can als« 
mounted in racks or consoles 


SYNCHRO 
TRANSFORMER MOTOR .-~ |” 


/ 


PLOT. + >——@> 


CONT : 
& SERVO | CONTROL 
SYNCHRO TRANSMITTER ' SURFACE 
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BRUSH 


REFERENCE SERVO 
SANT ANALYZER 

















Checking error signal on typical aircraft con 
trol system with the Brush Analyzer System 
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op 4 PRODUCT QUALITY 
PROCESS EFFICIENCY 
PLANT PRODUCTIVITY 


‘American-Microsen' Electronic Control 
is doing all three on hundreds of installations 


‘American-Microsen’ Electronic Control is now widely used to measure, 
indicate, record and control pressure, differential pressure, tempera 
ture, liquid level, flow, pH, oxygen concentration and gas analysi 
Among the many applications are plant-scale operation of numerou 
critical petroleum and chemical processes. Some were impossible to 
control with conventional instruments, but ‘American-Microsen’ han 


dles them easily. 


‘ ’ 
(i = No compressed air is used. The system is completely free of leakag« 
ii dirt, freeze-ups and other transmission line problems. Such high reli 


" " y . 
ability, lag-free transmission, sensitivity and accuracy are attained that 
V4 f an entirely new concept of these control factors has been established 
oe The installed cost of the instruments usually parallels that of conven 
tional controls, but substantial savings are realized in check-out and 


highly enthusiastic about the functional perfection of the ‘American 


NJ 
“ini RSs start-up time. Maintenance is practically nil. Consequently, users are 
me 


Microsen’ Electronic ocess Control System 
M Elect Proce Control Syst 


Better control, higher product quality and greater economy can be 
yours when automating your processes. One of our field sales enginee1 

will gladly explain how and why ‘American-Microsen’ assures all three 
on new units and those now in operation. We invite your inquiry 


ll ri 


THE ‘MICROSEN' BALANCE is the “nerve cen- 
ter” of ‘American-Microsen’ instruments. It is a 
simple electro-mechanical servo-mechanism that 
operates on the force-balance principle to pro 
duce a high-level de signal which is unaffected 
by normal electrical or ambient condition 


MAXWELL 
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0.5-5.0 MA 








Direct Current 


115V.60 


0 Oo 
115V.60 115V.60 





TWO-WIRE TRANSMISSION 
3000 OHMS MAX. 








PROCESS 














v 
0.5-5.0 MA. ,” 


/ foal 3 115V.60 
// , Direct Currents_/ 
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PROCESS AREA CONTROL AREA 


1. TRANSMITTER 4. MANUAL CONTROL STATION 


Types to transmit measurements of temperature, pre: Permits switching from automatic to manual valve opera 
ure, differential pressure, liquid level, flow, pH, oxyger tion during start-up or emery conditions, Bumples 
concentration, gas analysis, ete transfer from manual bach t itic operation built 
into the instrument. Retransmit nt ignal to Electro 

‘ li ‘oO t) \ | i ‘ 

2. RECORDING SET STATION Hydraulic Control Va U1 


tecords on strip chart or card and compares the measured 


variable with the control point setting. Error signal i 

transmitted to the Controller. (Indicating Set Station 5. ELECTRO-HYDRAULIC CONTROL 

also available.) VALVE OPERATOR 

A power unit with position fee i lat operat lip 
3. CONTROLLER tem valve Complete] ! t Nee? compressed 
An electronic amplifier with simple feedback circuits to air. Mountable on stand 
produce calibrated proportional, reset and rate contro] tional sl tem contre ingle 
actions. (Rate action added by plug-in unit.) Resulting double ated constructior 
control signal is fed to the Manual Control Station and equal percentage 


needi 


Other components available to pecific installatio 


MANNING, MAXWELL & MOORE, INC. 


INDUSTRIAL CONTROLS DIVISION 


Strattord, Connecticut 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATING OR RECORDING SET STATIONS 
CONTROLLERS, MANUAL CONTROL STATIONS, ELECTRO-PNEUMATIC VALVE POSITIONERS AND ELECTRO 
HYDRAULIC CONTROL VALVE OPERATORS 
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lf you need to guard against overloads, it'll pay you to use 


} ¥ 
r 


x ek 4 
i a » | 


] 
%, 
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de 
t 


rau id : E mercury relays 


Adlake relays require no maintenance whatever...are quiet and 
chatterless...free from explosion hazard. Dust, dirt, moisture and 
temperature changes can’t affect their operation. Mercury-to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 

For more information about Adlake Relays, write The Adams & Ke Y ) 
Westlake Company, 1181 N. Michigan, Elkhart, Indiana a dlake 


The Adams & Westlake Company 


Established 1857 . ELKHART, INDIANA . New York . Chicago 
the original and largest manufacturers of mercury plunger-type relays 
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ALGURAIE HiGht oPeeD SWITCHING. 


ELECTRO TEC 


ne remen eclemetering and 
tra fe apy ition in aireralt 
j ‘ ‘ computor ete 
excl eature that have gained 
ind e acclaim for Electro 
Selector Switch vrei ship i 
i itato 


ind brush blocks 
Withstands Shock and Vibration 
Offers High Accuracy Measurement 
Operates at High Speeds 


CALL OR WRITE 
FOR ILLUSTRATED BROCHURE 


itehe in 
e 10 ynchro 


“GC PAT NO 2.908)" 


Electro Tec 
Corp. 


SO. HACKENSACK 
NEW JERSEY 














- =< 
eda Bis Ni 4. “2 
ae os BNE Se oe ore 


AND MODERN SCHOOLS 





This has been a great year! America is building and 
replacing and thus moving faster than ever before. 
Only one thing. Will the labor market keep pace? 
That's where schools are important. If your 
company isn't helping community groups to get modern 
schools, it’s not apt to get the skilled people it 
needs, Self interest, civic spirit, or both, 


you should make schools your business, too. 


Want to find out how to help in your community? 
Get specific information by writing: 
Better Schools, 9 East 40th Street, New York, N. Y. 


Dili dibitiiniiaatpmeemegn ence anedene ee ane ema 
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“Humdinger” Series 
MH ultra-compact po- 
tentiometer. 10 te 
2000 ohms. 1 watt. 


Prerrmamyesi 


sound a 
eter. 4 to 5000 ohms. 


Your wire-wound control needs 

usual or unusual —are readily 
met by specifying CLAROSTAT 
Here's why 


For usual needs, the Clarostat line 

is outstandingly complete. It includes 

2-watt (1-1/8” dia.), 3-watt and 

4-watt (1-21/32” dia.) types; 25- and 50-watt 
power rheostats; miniaturized (3/4” dia.) 
1.5-watt controls; and the handy, space 
saving, cost-reducing “Humdingers”*. All 
these types, and many more, are standard and 
stocked, available for your convenience at the 
local Clarostat distributor or in quantities 
from Clarostat factory stock 


And for unusual needs, Clarostat can design 

and put into production those special types 
quickly, satisfactorily, economically 

often based on ingenious adaptations 


of standard features and tooling 


Send those wire-wound control 
requirements to us for 





engineering service and quotations 
Literature on request 


Power rheestets, Series 25 
and 50, 25 and 50 watts. 
5,000 end 10,000 ohms max., 
respectively, Also oircraft 
type, encased in metal 
housing. 





CLAROSTAT 


CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
in Canada; Conadian Marconi, Co., ltd., Toronte 17, Ont. 





Trust PACE for Progress. . . 


North American Aviation, Inc. 


A flip of the operating console switch by advanced 
Mathematician John R. Chapin starts operation of Elec- 
tronic Associates’ Precision Analogue Computing Equip- 
ment (PACE) in the Computer Room of Autonetics, a 
division of North American Aviation, Inc. PACE Equip- 
ment is employed here to determine both design para- 
meters and refinements of an aircraft's advanced, 
radar—equipped fire control system. One more example 
of PACE Equipment serving progress in major industries. 
Complete details on the flexibility and the reliability of 
PACE Analogue Computing Equipment will be forwarded 
to you immediately. We will also gladly furnish you 
with information on the rental of time and computing 
systems at the Electronic Associates’ Computation Center 
in Princeton, New Jersey. Just write department CE-6, 
Electronic Associates, Long Branch, New Jersey. 








Pre Nght tests of Avromence Might contrat vysterns are simulated in special & 


1g Computers while the planes (hat wil 





a then ore still or the drawing board 


Now man can fly a plane before it’s bullt 


For many years there were problems in the design 
of aircraft which could not be solved practically 
except by trial and errer—a slow, costly, often 
dangerous method 

Today much of this guesswork and time, as well 
as some of the hazard, has been eliminated — thanks 
to newly designed electronic devices. Now specially 
designed computer systems simulate on the ground 
actual conditions of supersonic flight... help predict 
the performance of aircraft which are still on the 
drawing board 

Although actual flight will always be the final test 
of any aircraft, these special uses of computer sys 
tems by the Avtowetics Division of North American 


AUTOMATIC CONTROLS MAN 


Aviation are daily helping solve complex problems 
in bess time and with more certainty than ever before 
speeding scientific break throughs in the whole 
intricate field of advanced elec hanical sys 
tems — auto pilots, auto navigat matic arma 
ment controls, and other autom 
If you have a professional 
either as an engineer ot manufacturer, please write 
to Avronerics, Dept. A-2, 12214 Lakewood Blvd 


Downey, California 


Autonetics A 


A DIVISION OF NORTH AMERICAN AVIATION, Int 
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PRECISION ANALOG COMPUTINGI EQUIPMENT 
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INDUSTRY'S PULSE 


A Control Reporter 
Views Yankee Machining 


Senior Associate Editor Byron Ledgerwood is closely follow 
ing the rapid growth of control technology in the machine tool 
held. Below are By’s observations—extracted from a recent ‘Trip 
Keport—on progress among the New England tool makers 

“On the way up north I stopped off for a rewarding visit with 
J. J. Jaeger, Chief Engineer of the Machinery Div. of Pratt & 
Whitney in Hartford. Jaeger has an interesting background. 1 
took his graduate work at MIT at the same time as Gordon 
Brown, has a well-rounded knowledge of automatic control 
theory. At present he has two servo men working for him and 1 
looking for at least one more. Jaeger’s ideas on continuou 
machine tool control conflict with others in this field. ‘To 
begin with, all the complex digital systems program and control 
tool-center position He feels there is a better approach for 
some types of machines. Cooperating with another firm, he ha: 
developed an arrangement which compensates for tool siz 
between the output of a normal numerical director and the tool 
position-control system. Secondly, he believes it is tough to 
predict the proper machining sequence for large, complex work 
picces—vet the big selling point for these systems is that one 
or two pieces can be economically turned out through straight 
forward programming. He quoted a simple contourfollowin, 
iob in which the first piece took 90 hours to machine, this being 
cut to 32 hours after several pieces were run. Jaeger feels that 
such d learning period IS usually necessa\§ry and that peopl 
ire trying to build control systems much more accurate than 
the machines they are controlling. This seems a realistic attitude 
ind I hope to get him to elaborate on it in an artich 

I'wo other interesting points at P&W. At the moment the: 
irc offering digital control to permit point-to-point positionin 
for linear and angular jig bore opcration hey are also activel 
considering CYPAK components (see New Product p. 125 
in their new control circuits \ Westinghous experimental 
CYPAK panel was being used in the lab and apparently four o1 
five of these have also been farmed out to customers 

“A morning in Worcester to chat with A. G. Sangster, Chief 
I’ngineer of Arter Grinding Machine Co. This firm has been 
perfecting its table positioning system for the last three vear 
Ihe table is punch-tape-programmed and driven by a constant 
peed ac motor on each axis through Warner clutches and gear 


Some original 
thinking at 
Pratt & Whitney 


CYPAK is 
being tested 
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Construction —Printed circuit terminals are designed 
with snap-in feature which holds relay in printed circuit 
board without lugging prior to solder dip. 

Other versions of MS relay available with standard solder 
type terminals and insulating base, where required. Also 
with 4 N.O. isolated circuits having common make. 

While not yet in production, extra-sensitive version has 
been developed. Maximum coil resistance 18,000 ohms, 
nominal sensitivity .040 watt, maximum sensitivity .020 
watt, overall height 1-9/16". All other details same as 
standard MS relay. 


. . 
Application —typc MS is an ideal relay for any 
application requiring a compact, highly reliable single pole 
D. C. device, where a low cost solution is required because 
of volume usage and competitive problems. 

The fact that industry has already used over a million 
units of this design is your assurance that the R-B-M Type 
MS relay will meet your most exacting requirements. 

Contacts used in Type MS are of the cross bar type, which 
offer the ultimate in reliability throughout the life of the 
relay. Molded bobbin design has eliminated coil failure 
on sensitive applications under severe climatic conditions, 


® 


OTHER PRODUCTS 


OTHER VERSIONS 


SOLDER TERMINALS 
4 isolated circuits with 
common make contact. 


INSULATED BASE 
Solder terminals mounted EXTRA SENSITIVE 
VERSION 


on insulating base. 





ENGINEERING DATA 





Specifications 
Contact Form 

Contact Rating 

Coil Resistance 

Nominal Sensitivity (Coil Input) 


Maximum Sensitivity 





Approx. Dimensions 





Miniature Sensitive Relay 
Type MS 


S. P. D. T. 

1 amp. 32 V.D.C. non-inductive 
Up to 10,000 ohms 

.060 Watt 

040 Watt 

VY x 16 x 1” 





Send for Descriptive Bulletin MS-1 


RBM DIVISION 


Ss ESSEX WIRE CORPORATION, Logansport, Indiana 





MACHET Wink 
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ing. It uses a simple coded printed-circuit digital-position-sens 
ing device and la positions from one direction so that 
backlash is no problem. The setup sells for $16,000 for two 
axes and they are readying five for delivery in the near future 
Arter hardly expected the great interest it created at the Machin« 
lool Show and only wishes it had far more funds to create the Buyer interest 
modifications requested by at least a dozen people for special catalyzes action 
applications 

“Stopped off at Machinery Electrification, Inc., in North 
boro, Mass., and had a brief session with F. P. Dunigan, eng 
neering VP. Dunigan did the electronic work on Arter Grind 
ing’s positioning table. His outfit does special machine control 
work of the sequence variety, although it is presently getting 
into closed-loop systems. ‘They did all of the electronic work 
on the Arter Jigmatic and are now deep into a continuous 
control system for an unidentified firm. ‘he company has a 
special talent: a wide background in techniques for load — 
of manufacturing machinery flour, sugar, etc.) as well 
machine tools 

“On up to the Machine 
lool City—Springfield, Vt 
Almost 90 per cent of the 
employable people in this 
thriving town of 15,000 
work for three machine tool 
companies and there seems 
to be considerable engi 
necring cooperation be 
tween the various engineer 
ing departments. For 
cxample, five years ago they ran a night course on digital com 
puters for five engineers from cach of the three firms, and ar 
presently considering an updated computer clinic as well as a 
course in automatic control theory 

“P. C. Durland, Chief Engineer of Bryant Chucker Grinder 
Co., gave me a rundown on company developments. ‘This firm 
makes internal grinders and has the problem of controlling hol 
size. For low-accuracy operations (0.0005 in.) grinding-wheel 
size is controlled on the finished workpiece by facing with 
diamond. For more accuracy, hole size is checked using block 
sizing with diamond dressing for the rough cut (the block and 
grinding wheel oscillate together, with the block entering the 
hole as the wheel leaves it). For high accuracy, pneumatic 
gaging is used in a similar ai iting arrangement. In conjun 
tion with pneumatic gaging they have developed a line of simplh 
statistical computers wich they call Bryant Process Control 
lers (note the use of the word ‘process’ for a grinding operation) apne 
This is similar to the system described in the last Kliever articl system for grinding 
(CtE, Nov. 55, p. 77) and to the lathe control systems de 
veloped by Jones & Lamson and Sunstrand 

“Over at Fellows Gear Shaper Co. I checked in on progress 
in the gear-size-gaging and cutter-positioning system this com 





A “process control”’ 
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NEW PRODUCTS ... BROADER ENGINEERING HORIZONS FROM SORENSEN 


MR3215 5-32VDC AT 0-15 AMPS 
new, tubeless, magnetic amplifier 


WIDE RANGE REGULATED 
DC POWER SUPPLY 


for versatile, trouble-free performance 
in countless design & test applications 
MA6501 — tubeless 


Diff t outside... inside! ign i 

0.01% regulated BC i eren ou on inside re latest design in 
supply; 6 ond 2 vol magnetic amplifier regulation. A silicon diode is used 
outputs. as reference element and a transistor amplifier pro- 

® vides the control current for the magnetic amplifier. 
ELECTROSTATIC GEN- ; ; | : | | high 
SRATOR fer lob or las Wide range, qentinvens y pares vo quay . . 
dustrial high-voltage current. Regulation +0.5% against line or load, ripple 

. 1% RMS. Versatile, dependable, rugged, economical. 
. 


MA1000S — tubeless, 

dependable 1000VA Write today for detailed specifications, performance data, 
regulator, ideal for and quotations. 

unattended installa- 

tions. 


ae Fs 


SORENSEN & COMPANY, 375 FAIRFIELD AVENUE, STAMFORD, CONN. 
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pany exhibited at the Machine ‘Tool Show. Surprisingly, the 
project has been dropped. Neal Cobb, Chief Engineer, told me 
that nobody seemed to want to buy it and, furthermore, that 
they found that when a shaping cutter is worn enough to 
require readjustment, it no longer cuts properly shaped tecth 
\ corollary seems to be that if a machine tool requires a sp 
cially shaped tool, continuous reset gaging is useless since varia 
tions in tool contour will change workpiece contour. One new 
note at Fellows: it has just purchased a Bendix GI5A com 
puter for calculating cutter contour 

“Finally checked in with Dave Smith, Manager of Research 
at Jones & Lamson. ‘This firm is moving ahead fast in readying 
the Binotrol lathe-control system (Ctk, Sept. °55, p. 22) that 
attracted so much interest at the show last fall. It is currently 
redesigning some of the programming circuits and hydraulic 
servos and these improvements will be in the first half-dozen 
units already ordered for the field. J&L is also now deep into 
the design of a prototype numerical table-positioning system 
which will operate on somewhat the same scale as the GE. sys 
tem. It will use multispeed synchros to measure table position, 
but will be programmed by punched tape instead of punched 
cards. Dave mentioned that Farrand’s linear Inductosyn seems 
to attract a good deal of attention in the machine tool control 
field. I gathered from him that Stromberg-Carlson is now un 
veiling a continuous cutting system which appears similar to 
Farrand’s in that it is internally programmed to handle coni 
sections directly 

“This trip through New England convinces me that. the 
machine tool field is really changing. All the firms I visited 
had at least one qualified control engineer doing design work 
l'ake Jones & Lamson alone: three out of its dozen research 
personnel are servo-trained. John Nichols (Project Engineer 
had radar training during the war. And the company hired a 
PhD with digital computer background on March | 


Sometimes gaging 
is superfluous 


The machine tool 
field in ferment 





testing components with Burroughs pulse control systems 


modern methods for testing 
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(see note | 
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Small-signal sensitive relays, the backbone of many of today’s 
high-speed computers, instruments, and other electronic devices, 
must meet exacting specifications of uniformity and performance 
Until now, the testing of such relays has often been complicated by 
procedures which require time-consuming processing before results 
are known. This has generally reduced comprehensive testing to a 
sample basis rather than individual testing, a courageous procedure 
considering the possible down-time cost incurred by the equipment 
in which such relays are installed. 


Burroughs Pulse Control Systems are minimizing this short-coming 
for leading relay manufacturers and users by providing a simple 
means of comprehensively testing each relay produced or purchased 
Such factors as closing time, opening time, bounce, etc., are 
checked against a set of operating characteristics to a precise degree 
by digital methods which automatically indicate acceptance or rejec 
tion of the relay. When conditions require a change in relay operating 
characteristics, the Burroughs Testing System can be changed at 
will to meet new requirements 


Shown here is a typical example of how some of these manufac- 
turers use a Burroughs Pulse Control System to test ultra-sensitive 
fast-acting relays. An interesting booklet describing relay testing 
in greater detail is yours for the asking. But if you have another 
component which you think can be tested better, faster, by digital 
techniques, just tell us about it. We'll be glad to work out a Pulse 
Control Testing System, at no cost, and show you how to avoid 
Department A @ 1209 Vine Street © Philadelphia 7, Penna. hours of engineering time and production headaches 


BURROUGHS CORP. ¢ ELECTRONIC INSTRUMENTS Div. 
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Standards Can 
Remove Roadblocks 


Our mail, work with professional and trade associations, and our field 
pulse-takings pour forth information related in a usually random way to the 
ubjects important to control engineering. But now and then, bits fall to 
gether into a correlation peak that demands our, and your, attention, We've 
watched current standardization activity come to just such a head from isolated 
pulses originating with groups active in machine tool control, industrial tele 
metering, and guided missile 

Pulse Ihe Aircraft Industries Association is surveying all manufacturers 
of numerically controlled millers and skin-mill contin ontouring ma 
chines to establish some basis for standardizing the data input to the power 
ervos that actuate table ind cutting heads. Production flexibility im the 
event of all-out defense emergency 1s the objective. If the codes and metal 
cutting axes were uniform, part produced at one manutacturer s tactory, o1 
his vendor's factory, could be produced on automatic machines in other fa 
tories from telemetered or mailed tape data. 

Pulse lelemetering equipment developed for testing missile flights im 
Florida and nuclear weapons at Operations Crossroads, ‘Veahouse, and Green 
house operates with speeds and accuracies orders of magnitude above normal 
commercial requirements, Some experts consider such high-speed telemetering 
ipplicable to industry, but point to a major roadblock ick of standardiza 
tion of coding, multiplexing forms, and required resolution. Standing com 
mittees of societi uch as the American Institute of Electrical Engineer 
pro' ide the block-crashing vehicle 

Pulse [he communication languages of machines and telemeternng are 
not the only developments needing standardization in order to make progre 
\n engineer employed by the prime contractor to the Army Ordnance for the 
Redstone guided missile writes that types of drawings are just as important 
He re port that one government agency's definitions of dia i chematnx 
ind charts rarely agree with another agency's. However, there 1s an encourag 
ing note: the American Standards Association now has Subcommittee Y14-15 
on Electrical Diagrams hard at work on the problem 

Hlere are needs, briefly stated, that merit your attention. Don't look to 
others to meet them. If you have an interest, contact the associations men 


tioned and do your part At least make known your point of view 


Pik bDIETORS 
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4. LINTIS A TROUBLE-MAKER! The unretouched micro- 
photo above shows a strand of lint which easily can 
cause an inter-electrode short-circuit. Dust par- 


ticles within a tube 


have the same harmful effect. 


4 MANUFACTURED “UNDER GLASS”! For optimum cleanliness, 6%: 
glass-paneled protective hoods. All G-E employees who build 5-Star T 
finger cots, and their uniforms are lint-free Nylon and Dacron. These precautions are 
taken to ward off lint and dust, most frequent causes of intermittent tube ‘“‘shorts’’. 


FIRST GENERAL ELECTRIC 
HAS LINT-FREE 


‘ 1200 WORKERS ASSEMBLE 6829's AND OTHER HIGH-RELIABILITY TUBES in this 5-Star build- 
ing, located apart from the rest of G.E.’s Owensboro, Ky., tube factory. Because of the 
special white lintless uniforms, plus immaculately clean working conditions, “Ope 
Snow White’”’ is aptly used to describe G-E 5-Star Tube manufacture. The entire assembly 
and inspection area is pressurized, with air that has been filtered, dehumidified and cooled, 


assembled under 
ubes wear rubber 


ration 

















4. SPECIALLY TESTED... BIASED TO CUT-OFF FOR LONG INTERVALS! a CHECKED FOR COMPUTER-SERVICE CHARACTERISTICS! G-k- com 
Life tests of G-E computer tubes under cut-off conditions, are 


made in order to be sure no “sleeping sickness’’, or failure to 
respond to grid input pulses, develops during inactivity. This 
is determined by means of periodic interface checks. 


puter tubes are specifically tested for those electrical qualities 
that closely affect tube operation in computer circuits. Among the 
characteristics checked are zero-bias plate current cut-off per 
formance . .. difference in cut-off between both triode sections 


O-STAR COMPUTER TUBE 
MANUFACTURE FOR ADDED RELIABILITY 


Shock-resistant design— comprehensive cut-off tests —further establish Type 6829 
as the most trustworthy tube you can apply in military computers! 


‘ . , . 
(General Electric first to design and build a new from lint and dust, while pecial t isa ure those 


line of tubes for computers, now pioneers the first electrical qualities that are essential in achieving 


5-Star high-reliability tube for computer circuit computer dependability. 

analog and binary—where airborne, gunnery, A 9-pin miniature, the 5-Star 6829 has similar 
or field-transport conditions call for resistance to characteristics to standard computer T'y pe 5965 
mechanical shock and vibration. The new tube is designed for hig! peed circuit 

Type 6829 has the many 5-Star design features has high perveance, balanced, sharp cut-off quali 
that give added strength, such as a compact, ties, and low heater power requirement (.45 amp 
sturdy tube cage ... double mica spacers... a Get the complete performance story! Write to 
double-staked getter. In addition, tube assembly Tube Department, General Electric Company, Sche- 
is carried on in immaculate surroundings free nectadyu 5, New York 


Progress /s Our Most Important Product 
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Direct readings of 


New (1p) 523B 
ELECTRONIC COUNTER 


Extreme dependability 
Etched, unitized circuits 


Permits viewing time-interval 
start and stop points on 
oscilloscope 


High accuracy crystal 
oscillator circuit 


Trouble-localizer lights 


Counts pulses of selected 
voltage level 


Construction of the new -/p- 523B is highest quality 
throughout. Etched circuits are rugged, ultra-dependable 
Circuits are arranged for complete visibility. Trouble-local- 
izer lights and plugs disconnecting circuit elements further 
simplify maintenance. 


Exclusive features include a pulse output for oscilloscope 
Z-axis modulation permitting visual identification of the 
time-interval start and stop points on the input waveform 
measured, There is also a pulse count discriminator counting 
only pulses of voltage above a pre-determined level; and a 
high accuracy, high stability crystal controlled oscillator 
Controls are color-coded, concentric, functionally arranged 
Readings are direct in clear, bright numerals; decimal is 
automatic and illuminated. 


The broad range and versatile usefulness of -bp- 523B is 
indicated by the Specifications at right. Model 523B is de- 
signed for ucmost speed and simplicity in measuring produc- 
ron quantities, rpm, nuclear pulses, power line frequencies, 
repetition rates, time intervals, pulse lengths, shutter speeds, 


PERIOD 


10 cps to 1.1 MC! 


velocities, relay times, frequency ratios, phase delay, etc. With 
transducers, -hp- 523B also provides local or remote measure- 


ment of weight, pressure, temperature, acceleration, et 


BRIEF SPECIFICATIONS 
FREQUENCY MEASUREMENT: 


Range 

Accurac y 

Input Minimum 

Input Impedance 

Gate Time 

Reads Directly In 
PERIOD MEASUREMENT: 

Range 

Ac« uracy 

Input Minimum 

Input Impedance 

Gate Time 

Standard Counting 

Reads Directly In 


10 eps to 1.1 M¢ 

| count 
0.2 v RMS 
Approx. | megohm, 30 wut sh 
0.001, 0.01, 0.1, 1, 10 second 
KC. Automatic decimal 


crystal stability 


0.00001 cps to 10 KC 
©0.4% (1 period); =0.0 
lv RMS 

Approx. | megohm, 40 uyf shunt 
| or 10 cycles of unknown 


10 cps, 1 KC, 100 KC, 1 MC, Externa 


Sec, msec, “sec; automatic decimal 


LO periods) 


TIME INTERVAL MEASUREMENT: 


Range 

Accuracy 

Input Minimum 
Input Impedance 
Trigger Slope 


Trigger Amplitude 
Standard Counting 
Reads Directly In 
STABILITY: 
DISPLAY TIME: 
OuTPuUTS: 


PRICE: 


4.0 psec to 100,000 sec 
© 1/ std. freq. counted 
1 v peak. dc coupled 
Approx. | megohm, 25 “uf shunt 
Pos. of neg. on start/stop independent or 
common channels 
300 to + 300 v adjustable 
10 cps, 1 KC, 100 KC, | MC, } 
Sec, msec, “sec, automatic decimal 
1,000,000 per week. Also WW 
Variable 0.1 to 5 sec, or indefinite 
Secondary standard: 10 cps, | K¢ 
rectangular, 100 KC, | MC sine wave 
$1,175.00 


xternai 


Data subject to change without notice. Price f.0.b. factory 


HEWLETT-PACKARD COMPANY 
3695H Page Mill Road, Palo Alto, California, U.S.A. 


Cable “HEWPACK” 


DAvenport 5-4451 
Field engineers in all principal areas 


hp) complete coverage in quality counters 
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How to Set 
Three-Term Controllers 


All too often the instrumentation of a process gets proper consideration 
only after the design of the process plant is well under way. This makes the 
selection and installation of the control system much more difficult. A better 
approach is to consider the process dynamics and the control system 
as two aspects of one problem that must be solved before the plant 
is constructed. This method allows much greater flexibility in plant 
design and controller selection. In any case, the control engineer must 
evaluate the entire control loop so that the best controiler actions can 
be matched to the process. Last month, in “How to Find Controller 
Settings from Process Characteristics’, Dr. Coon dealt with controllers 
having proportional, proportional plus reset, or proportional plus rate. 
Now she shows how to obtain three-term controller settings for difficult-to- 
control processes. These procedures apply both to installed processes and 
processes undergoing design. 


GERALDINE A. COON, Taylor Instrument Cos 


FIG. 1 


Difficult processes require controllers combining 
ll three actions: proportional, reset and rate \ 
proportional plu reset controller may not give sati 
factory performance because the controlled vanabl 
deviates too much from the set pot o1 because 
the recovery time is too slow. Similarly, control with 
proportional-plus-rate actions may be unsatisfactory 
because the controlled variable shows too much 
offset In these case 1 three-term controller i 


needed 


THREE-TERM CONTROLLERS 


l‘hree-term controllers vary in design, but nearly 
ill are complicated and limited by interaction of the 
reset and rate actions. However, results obtained 
under the a sumption of nonimteraction may often 
be applied, with proper inte rpretation, to interacting 
ontrolles 

Consider a noninteracting controller, that is, on 


+ + 
oO © 
—. 


+ 
wu 
Le 


with independent adjustments of sensitivity, reset 
rate, and rate time. ‘The controller's transfer func 
tion is, therefore, S(U/p + 1 4+ Tp), where S, U 
ind T are knob-setting 


Prose - Cegrees 
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FIGURE 2 


THREE-CAPACITY PROCESS 


1, =T,=T,=1 MIN. 


Reaction curve 


/ 


S/ope = A, 


4 


6 


Time, minutes 





Closed - loop cycling 


*P, = 37s 


u 


Time, minutes 


Decay ratio 





Frequency response 





’ 
Process gain 
curve 
Modified gain 
curve 





SE ee SSS SET 


30° Process phase 

60° curve 

90” q 

120° 

150% 

180° Moditied phase 

210° curve 

240° ‘. 

270" —— 
JUL 





0.001 0,0) 0.1 1,0 10 
Frequency — cycles per minutes 
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Figure | shows the response for this ideal controller 
it different values of UT that will be used in one 
of the methods for finding good settings 

Small deviations and fast recovery 
disturbance indicate good control 


following a 
The procedures 
tor finding good controller settings depend on the 
ways the process characteristics are described 
Ways could be 


P 4 reaction curve 
- 


he SC 


ontinuous cycling of the closed loop 
P frequency response curves 

\ particular process has been investigated in these 
ways and the process description, computed settings 
and resultant recovery curves, are compared in 
Figure 2. This process contains three equal nonin 


teracting time constants of 1 min 


SETTINGS FROM THE REACTION CURVE 


Ihe reaction curve repres¢ nts the process response 


to a unit step change in input under open-loop 
conditions. From this curve (Figure 2A), the 
reaction rate R, and effective lag L, are obtained 
by drawing a tangent to the steepest portion of the 
curve. ‘These formulas, by Ziegler and Nichols, 
atisfactory control for many processes 

s 1.2/R,L, 0.5/L, i] 0.5 L 

Vhus, L 
cpt R,] 


vic ld 


0.80 min and the vertical inter 


equals 0.44 in./psi 


equal 

Lherefore 
1.2/0.44 2.7 psi/in 

{ 0.5/0.8 0.62 repeats /min 


/ 0.5.0.8 


With the controller adjusted to these settings the 
controlled variable recovers from a sustained load 
change at the valve (final control clement a 
hown in Figure 2D 


0.40 min 


SETTINGS FROM CLOSED-LOOP CYCLING 


If the process can tolerate the disturbance caused 
by continuous oscillations, this technique can be 
used in the field to determine appropriate controller 
ettings. Here the reset and rate actions are locked 
out of the controller; that is, reset rate and rat 
time both equal zero, Under closed-loop condition 
1 sufficient increase in proportional sensitivity result 
hown in Figure 2B. Thi 
urve was obtained at an ultimate 
ensitivity S, equal to 4.0 psi/in 
period P, equals 3.7 min 
S, and P,, describe the proce and 
from them the controller settings can be calculated 
in accordance with the following Ziegler-Nichol 


continuous cycling, as 


proportional 
ind the ultimate 


Phe quantitic 


procedure 
S=06S, 20/P, 
(hus, for the process in Figure 2B 


0.6 (4.0 


With the controller adjusted to these settings, the 
process, subjected to a load change, shows a recover 
as indicated in Figure 21 


SETTINGS FROM FREQUENCY- 
RESPONSE CURVES 
Frequency-response curves also describe 


These may be obtained by 
tests or calculations based on th 


1 proce 
making experimental 
transte 


control 


proc 
function. In addition to its value im finding 
ler settings, frequency response aids anal 


Continuous Cycling of the Closed Loop 


Open-loop frequency-response curves yik ld infor 
mation about closed-loop operation 
for example, the ultimate 


period, which are used in the 


Lhe provide 
ensitivity and ultimate 
losed-loop yvcling 
formulas given above 

cribed 
by its unmodified frequency response curve l'o 
find the ultimate frequency, read the frequency at 
which the process has a 150-deg phase lag. Her 
this occurs at frequency Mt 0.27 cpm. The ultimate 
period is P, l/f, 1/0.27 3.7 min. rom the 
graph the process gain g,, at f,, is 0.25 in./psi. ‘Th 
ultimate sensitivity S, is given by the formula 
8 1.0/g, 1.0/0.25 = 4.0 i! ire 


Examine the process m ligure 2¢ is cle 


precisely the same values of S, ane found 


lherefore, rec r’ uw 


in the previous section 
2’ is identical to curve 21 


Settings for V4-Decay Ratio 


1 


An earlier article’ discussed the merits of th 
ett 1h} | 
yportional- plu rate 


decay ratio as a criterion for roportional 
proportional-plus-reset, — and 
action controller: Phe graphical te hniques for 
modifying the (normal 
angle curves which apply to a decay 


were also shown. ‘The modified curve 


proc vail mad phrase 
ratio of unit 


directly for finding controll 
will produce recovery curve 
f about 4. ‘The procedure 
trated for three-term controll 
of igure ( 

If three modes of action 


controller, there are many com| 


ipacity process 


ettings that will give a recover 
ratio. But since all recover 
scceptable for good control 
Practical 


conditions provide 


necessary cxperic 


riteria or | 
1) the recovery curve has a decay ratio of about 
2) the reset rate equals the operating frequen 
the frequency at which the modified phase lag of 
open loop equals 150 deg 

3) the proportional sensit: 


A hile 


Conditions | and 2 a 


atisfying conditions | a 


JUNE 1956 





TABLE 
CONTROLLER SETTINGS FROM MODIFIED FREQUENCY RESPONSE 
ey GENERAL PROCEDURE xe 





STEP 1: Modify the process frequency response in the region 
of 180-240-deg lag. 


STEP 2; Read the frequencies f, 50, fas, faae at which the 
modified phase lag of the process is 180, 210, and 240 
deg, respectively, Read the modified process gains g, so, 
G210, Grae at these frequencies. 


STEP 3: Calculate three combinations of controller settings 
from the formulas 
$= 1.08/gi 00, U 
$= 1.05/gai0,U 
$==0.74/gaao, U 


fie, T 
fase, I 
fae, T 


0.025/U, (0 deg phase lead) 
0.103 /U, (30 deg phase lead) 
0.216/U, (60 deg phase !cad) 


STEP 4: Choose as optimum the combination of settings with 
the largest value of S. 





trolled variable from a load change with reasonable 
rapidity, And condition 3 assures small deviation 
of the controlled variable from the set point 

Getting the settings that satisfy these condition 
is not difficult for a noninteracting controller. ‘abl 
| shows the general procedure alongside a specifi 
example based on the process described by th 
modified frequency response curves of Figure 
I'he resulting recovery curve is shown in Figure 
he next section tells why this procedure works 

igure 3A repeats the recovery curve of Figure 2G 
This curve is the sum of several component curve 
a damped oscillation (A), and two decaying expo 
nentials (B and C). The decay ratio and oscillator 
frequency of the damped oscillation A show up in 
the composite recovery curve 

If the damped oscillation is the dominant com 
ponent in the curve—and it often is in the region 
of good settings—the decay ratio of both the damped 
oscillation component and the composite recovery 
curve are about the same Figure 3B illustrates 
a recovery curve with a dominant damped oscilla 
tion. ‘Thus condition 1, that the 
has a decay ratio of about }, really means the con 
troller is adjusted so that the damped oscillation A 
has a 4-decay ratio 


ZG 


TeCOvery Curve 


Now, in the recovery curve 3A, computed from 
the settings found in ‘Table 1, component A is not 
particularly dominant (the decaying exponentials 
B and C do not die out rapidly). In spite of this 
the settings give comparatively good control with 
smallamplitude deviation and small area under the 
recovery Curve 
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EXAMPLE 


See Fig 2C 


0.20 cpm 
0.28 cpm 
0.41 cpm 


0.66 in. / psi 
0.33 in. / psi 
0.11 in./ psi 


Giso 
Gric 


Gaso 


fies 
fate 


free 


S$ 1.08 /0.66 
$= 1.05/0.33 
§=-0.74/0.11 


0.025 /0.20 
0.103 0.28 
0.216/0.41 


1.6,U=0.20, T 
3.2, U=0.28, T 
6.7,U—0.41, T 


In the example this is the combination $= 6.7 psi /in., 
U 0.41 repeats /min, T--0.53 min. If the controller is 
adjusted to these settings, it is to be expected that the 
recovery curve will have a 1/4 decay ratio and an operat 
ing frequency of 0.41 cpm (period =} /0.41=2.4 min) 


Derivation of Procedure 


W he r¢ 


procedure of 


thie 
lable 


for this simple 


do in the 
What i 
method for 
atisfactory settings for three-term controllers? 
Che stability for 


damped oscillatory component 


constants used 


I originate? the 
vet effective 
ratio (1 
that, at 


conditions 1 -decay 
require 
ame frequency, 

P modified gain of the open loop equals unity 

P modified phase lag of the open loop equal | Si 
Lhes« similar to the stabilit 

for a decay ratio of unity in the closed loop 


Suppose the noninteracting controller 


conditions are rite 


to contribute a modified phase lead of 0 deg 


180 deg to meet stability conditions, this leave 


modified phase lag of 180 deg for the proce: 


modified process frequency responsé This 3 


operating frequency, and so, according to condition 


4 


the reset rate is set equal to fiso 


As shown by the modified frequency respons 
, if the 


at the 


the three-term controller, Figure | 
gives 0 deg in modified phas« 
10 U 
rate time UT equals 0.025. Since U 
the rate time ‘T is easily calculated: 7 UT 
0.025/fi «0 
Finalh the 
idjusted so that the modified gain of the open loo 
it fiso Ihe 


can be read from the process frequen 


Opel 


frequency 


proportional sensitivity must 


is unity modified proce 


I¢ 





general 
basi 
finding 


deg 


required 
Since 
the modified phase lag of the open loop must be 


Ihe 


frequency at which this occurs, fis, is read from the 


controller 
iting 
the product of reset rate and 
equal fi 80 





At this rrequency the 
S factor 
to re 
modified gain of the 
portion il 


the 
tional 


the 


due et an 


pidill 


pt n 


idjustment 
L.O8 ¢ / 
ifl the 


dominant 


fy tability 
component of thi 
the 

deg pha e lead 
but the 


mor point 


onditio 


formulas are used 

Lhe 
procedure must be 

to a itistaction 


that of maximum proportional sen 


Ore 
fol 


LIT 
lheretore, additional reading 
hed phase leads of ina 6f 
ontroller he corr 
vhich produc te 
ar 

get 


i 
DOmMdiit 
| f 
i¢ ’ 
Lit} til 
thi 


iddition il 


the 


in 
thie 
ondition z 


J 1()3 


QODCH 
I 


1.0 U to meet 
et at UT equal 
l heretore for 
60 deg | 0).2] 

Then the 
fosn found 
found at f 


| 
nd 


proportional ( 
the 


T¢ 
I 


' ‘1 
i iil 


Phi 
Lh 


11h 
ult 11} 


ombinat 


Tiatil 


S 


biG. 3 


oscillation 


A recovery curve 


\ 


ontam eve 
iB 
damped « 


based « 


il ce 
lh igure how 


the 


Curve ind 
t-decay ratio 


However 


dominant a mn 


good control setting mm 


Per. deviation 


3 4 5 


Time, minutes 


COMPARISON OF RECOVERY CURVES 


d as the putin 
| equal 


various method 


ting ti 


ne constant | i recovers 


Cuie WCTt take! 
| ywhed to 
that ipp! 

ult in ditt pOrise Her 


time of 


MN pute I 
( how these met 


Wne proce T¢ 


mall de 
e indicate, 
to 
idding 
nitude to 


of 


md th 


SC tting 
the best 
mothe 


the ib 


mahon 


il Prive 


ontrollabil 
| 


Oli 


one tin 


In the analo 


distance-velocit | i ) | 1 


Ippror 

wit 

im othe 

rather than | time | but 
the rema 


I 


the 


roximation LUISE 


3A she 
damped oscillation 
ratw om 


tA. till 


mponent curve b igure iondominant damped 


When the 
the re 


1 dominant 
cillati 


oscillation 3 


m means a 4-decay over curve ind 


1 nondomimant case is in fairl ood control 


Recovery curve 


Pen deviation 





<4 
‘4 


tl 


6 
~--"" Time, minutes 


at 


Decoy ratio= 0/b «Ifa 
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infinite time constant, Although theoretically the 
reaction-curve increases indefinitely, saturation doe 
occur in the analog. The method of 4-decay ratio 
gives a higher proportional sensitivity but a smallet 
product UT, 

The last set of curves (Figure 6) is for a two 
capacity process with distance-velocity lag and no 
clf-regulation, For similar processes with the same 
reaction rate R, and effective lag L,, the sensitivity 
computed by the method of 4-decay ratio decreases 
as the ratio L/T. increases. But the reaction-curve 
method gives the same computed sensitivity regard 


less of the ratio L/T.s, because thi 
on the values of R, and L, 


Thi thod aep 
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RECOVERY CURVES 


FIG. 4. PROCESS: Four equal capacities, T, 


FIG. 5. PROCESS: One-capacity with distance-velocity lag and no 


FIG. 6, PROCESS: 


Reaction Curve Method 


4A 


$= 3.7, U=0,35, T=0.72 $= 2.4, 


5A 


$=1.2, U=0.50, T=0,50 


6A 


$=1.2, U= 050, T= 0.50 
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I'wo-capacity with distance-velocity lag and no self-regulation, ‘] 


Continuous Cycling Method 


$=0.92, U= 0.48, T= 0.52 


$=19, U=0.61, T=0.41 


min 


elf-regulation, ‘J, infinite 


infinite 


] 


Yq Decay Ratio Method 


4C 


U=0.32, T=0.78 


=1.4, U=0.30, T=0.34 


60 


pee a Se ae 


$=40, U=0.5!1, T=042 





IN ANALOGING ... 


Where You Should Use 


Series or Parallel Summation 


THE GIST: The most elementary operation in analog computers is summa- 


tion—that is, addition and subtraction. These operations can be carried 


out in a number of ways in electrical analog computing equipment. The 


two most common methods are series summation and parallel summation. 


In discussing the relative merits of these methods, the authors point out 


many problems and impart solutions that result in desired equipment opera- 


tion. Comparison of the methods of series summation and parallel summation 


are handily reviewed in an accompanying table. 


G. WEISS and N. J. LINDNER, W. L. Maxson Corp 


In series summation voltage umimed 


cri Llow 


Summation a 


inputs ar 


directly by connecting their sources in 


ever, in parallel (or current urrent 
is derived by loading each voltage input source and 


these olta 


currents are added by connecting the 
ources and loads in parallel 

than 
connected to ground: 


addends require isolation from ground 


Series summation allows no mor 


two 


dends directly any extra 


isolation is not generally feasible in de computer 
these 


pal lle 


cric summation cannot be used under 


ircumstances. ‘Thus a de computer uses 
ummation almost exclusivels 
In an ac computer either summation method may 
Certain 


influence the 


however vil 
low 
while parallel summa 
and high impedance 

either 
although seric¢ 


be used consideration 


choice: series summation require 
voltages and low impedance: 
tion requires high voltage: 


Where 


ipproac h usually pro cs 


circuitry 3 used 
atistactory, 


accurate tor 


1 
vacuum-tub¢ 


ummation 1s more 


iddends. Parallel summation may be preferred wher 


wccuracy is unimportant or when the number « 


iddends is excessive 
choice 


the 
ritical, because parallel 


In transistor circuitry however 


ummation method is Th 


woul 


mation, with its high voltage, high impedence 
require transistor amplifier of greater size and com 
plexity, and correspondingly lower reliability here 


fore, series summation should generally be usec 


Since uch 


a small number of 


f 


] 


entally, the 


ing applied to transistor cu try for 


with transistor amplifier nel reason 


cri tba 


1] 
hon pple to magnetic amplit is well 


SERIES SUMMATION 
| hie 


the clectncal analog 


gencralized summati problem to be solved 
thre 


comput take form 


1,2 io A 
X, are the addend 


\, are their coefhcient bor 
cocthcient irc unit but in the 


\ 


and A,, A 


np addition 


1, 
vhere 
ill the generalized 
posit c oO 

it be zero 


the 


ise each coefhaient may be an 
Phe sum S may orn 
Obtaining the 


clation hip TASC’ 


number 
appropriat wit for ibowvr 
thes« 


thre 


prob em 


|. Formation of uit ign of the 

\" coethcient: 
Isolation 
Phase 

+. Elimination of stray pi 
Loading effect of ri pa 


the 


Wiaf 


from | 


Prous 


alignment 


tance 


hoice of 


I hese problem olved proper 
md 
olution divides into these fh 
effect of transformer 
these transfe 


P minimize capacitive pickup br 


isolation transformer technique 


tcp 


! 
UrAacik by 
the 


clection of order 


> TESETLITELIZC iace 


proper location of rmers in circuit 


of addition of each addend th respect to ground 


> minimize inductive picku pairing of wire 


P minimize ¢ ipaciti ( 


pl kup ) baie lding 


I 


> minimize loading error d ipacita 


a 
ring 
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A COMPARISON OF ELECTRICAL SUMMATION METHODS 


PARALLEL SUMMATION 


GENERAL REMARKS 


EQUIPMENT NEEDED ally 1 amplif 1 if 


18 


require 


number 


amp 
n circuit 
i transformers 
required for sign inversion 
ng impedances (resistors 
a set of summing 
ng 


§ handled as easily as 


arr plifier 


are unity 


CHARACTERISTICS OF f ck summing amplifiers 
SUMMING EQUIPMENT 


must have 
ne arity 


} 
pe very 


accurate 
gr nversion or 


1 linear 


SUMMING ERRORS 
mpedance of addends intro 


duces loading Therefore, summing re 


stances mu: f rge, and. source 


nN juality of 


id on amplifier gain 


SCALING, TRIMMING, : ss 0 ag S ng in the 
AND ADJUSTMENT Sur 


Changed Dy 


WIRING 


IMPEDANCE LEVEL 


CONTROL ENGINEERING 


SERIES SUMMATION 


or one source and 
unless trans 


Only two of the sources 
the output, can be grounded 
formers are used 

circuits 


number of addends 


Not easily usable in dc 
Difficulty increases: as 
ncreases 
Results in 
cuitry 
Usually most accurate. To be preferred when 
the ultimate in accuracy is required 


ow-voltage, low-impedance cir 


Usually requires transformers, even if trans 
formers are not otherwise required in 
circuit 

Extra transformer may be required for sign 
nversion 

Partial sums may require some additional 
transformers 

A ‘generalized may 
transformers or resistors 


sum require extra 


Most transformers must be ac 
curate and linear, and must have high input 
impedance 


summing 


some sources may be loaded by summing 


transformers 


Accuracy preserved indefinitely, does not 
depend on component performance 


There is no scaling loss in summation 
Accuracy must be “built in 

Trimming resistors not easily used 

Voltage scaling can be changed only by 
changing transformers or transformer taps. 


Requires careful wiring to avoid inductive 
pick-up. Requires extra wiring tie-points 
Shielded wiring may be required 
Capacitance - has _ relatively little 


Wir ng 
effect 


summation can be performed into a low im 
pedance load, with no current drawn from 
the sources. Works equally well with vacuum 
or magnetic-amplifier cir 


transistor 


a low-level low 


; 


npedance por 








by proper physical location of transformers and 
wiring 


Transformer Location 


'ransformers have three functions in the summa 
tion process. They determine the coefficient magni 
tude, invert the coefficient’s sign if necessary, and 
isolate circuits from ground. ‘The accuracy of 
ummation depends on the turns ratio accuracy 

Ihe transformer also constitutes a load on the 
signal source, and this causes loading error. However 
in many cases the transformer can be located so that 
its transformation and loading errers are of no 
consequence. An example is when the total sum | 
brought to zero (as might be done in a servo) and 
the transformer is located in the null signal path 
Figure 1A shows the functional diagram of series 
ummation as it occurs in a servo system. Figure 
1B and 1C show two available choices for connecting 
the transformer. 

Figure 1A indicates that two summations, S, and 
S», are needed. Also, the inputs to both amplifier 
AM & AB) and the output of the tachometer 
generator G must all be grounded. Since it is 
impossible to ground these three points in a series 
summation, at least one transformer is required, In 
addition, the center-tapped potentiometer needs to 
be supplied scaling voltage from an isolation trans 
former since the scaling voltage supply is usually 
grounded at the power source 

‘These circuit requirements can be met in a number 
of ways, two of which are shown in Figures 1B and 
IC. In Figure 1B the isolating transformer T, is 
located across the summation S». This arrangement 
requires high transformer accuracy and impedance 
But in Figure 1C this transformer is located acro: 
the summation S,, which is the servo’s null signal 
teady-state condi 
tions a transformer located at this point needs littl 
iccuracy and its characteristics are less critical 

In applications where the sum is not zero, all 
isolating transformers must be 
puting components. Here again, judicious location 
of the transformers minimizes error. If the tran 
former is located across any of the addend signals, 
for example, the accuracy of that addend will be 
iffected by transformer error. ‘Vhus location acro 
the smallest of the addends becomes desirable. It 
may be preferable, however, to locate the tran 
former across the signal representing the total sum 
In this case, the summation is perfect, but the scal 
ing of the sum is affected by the transformer error 


Because this signal is zero under 


y ( | 
high-accuracy com 


Order of Addition 


Although the order of addition of the addend 
appears to be immaterial from a mathematical point 
of view (that is, X,; 4+- X. + X Ket X, +2 
X LX. + X;, et it is most important from 
circuitry considerations. ‘The circuit should be laid 
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hIG. 1. Proper location of transformers in the circuit im 
proves computer accuracy. Figure A shows the functional 
diagram of a servo. In Figure B the transformer is located 
across summation S This arrangement requires a transformer 
with high accuracy and high impedance. But the circuit in 
Figure C, where the transformer is across the servo's null cit 
cuit, allows less exacting transformer characteristics 


out to minimize wiring capacitance to ground, and 
thus minimize capacitive pickup. In series sum 
mation, the addends are so arranged that the on 
with the smallest source impedance is the closest to 
ground and the one with the greatest mpedanc 
the furthest from ground, Figure 2 shows both 
the correct and incorrect ways of arranging thires 
addends in series for minimum capacitive pickup 

Some computer components must be operated 
with one terminal at ground regardle of internal 
unpedance consideration For example, amplifies 
inputs are always common with the B-minus return 
which is ultimately returned to ground. ‘This 3 
an unavoidable situation in the conventional 
ystem, where one power supply and one Baminu 


lead is common to a whole computer 


Pairing of Wires 


Inductive pickup can caus 
frequency ac computing circuit 
is often overlooked in equipment design. The most 


trouble in low 


primaril because it 


important source of inductive pickup is incorrect 
pairing of wire: Figure 3A illustrates how singk 
wires running throughout the circuit form one big 
iting flux. ‘The same 
wired with twisted pairs a un bigure 3B 


loop which picks up stray alte 
circuit 


i 


ontains no loop irca to imtroc c extrancou olt 
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See 


ages. ‘The only additional equipment needed for 
wiring with twisted pairs 15 a wiring tic-post. 

The reason for pairing is to reduce all loop areas to 
zero, Another way to say this is that the total 
current in every set of paired wires should be 
zero, Applying this rule, it is easy to determine 
the proper pairing, where the word “pair is used 
in a generalized sense. ‘That is, it may be required 
that three or more wires be twisted to reduce a 
given loop to zero, Care must be given to ground 
circuitry, for ground loops (duplicate ground wires 
or paths) make proper pairing difficult. 


Shielding 


Although shielding of wires minimizes capacitive 
pickup, it should never be done unless absolutels 
necessary, because it has several serious disadvantages 
Shielding increases wiring capacitance, and shielded 
wire increases cost, is hard to work with, and is 
bulky. Shielding of summing transformers, on the 
other hand, does not significantly increase cost o1 
size, and should be carried out routinely. 

The need for shielded wiring can be established 
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FIG, 2. In series summation the circuit with the smallest 
source impedance should be connected closest to ground and 
the circuit with the greatest impedance furthest from ground. 


Figure A shows the correct order, while Figure B shows an 
incorrect order, 














FIG, 3, Wiring of circuits with single wires allows detrimen 
tal inductive pickup due to the loop area, as shown in Figure 
A. But wiring with twisted pairs, as in Figure B, minimizes 
the loop area and therefore reduces the inductive pickup. 
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from this approximate formula 
E (pickup 2nfCZE 


r 
‘ 


where E = voltage that causes pickup 
C = capacitance from voltage source: 
consideration 
Z = impedance to ground from wire under c 
tion 
f = frequency 


ymnsidera 


If calculations show that pickup may be excessive 
at any wire in a summation circuit, the entire circuit 
must be shielded, and the shields grounded. In 
ome circuits, shields are connected to points othe: 
than ground; in all cases, however, they must be 
appropriately connected and never left floating 

In parallel summation the pair of wires from 
each addend consists of a hot wire and a ground 
wire. The ground wire, when twisted around the 
hot wire, constitutes partial shielding; this makes 
it possible in many cases to dispense with shielded 
wiring. However, in series summation both wires 
in the twisted pair are likely to be above ground and 
shielding must be provided if pickup is excessive 


Wiring Capacitance Effects 


lhe only source of summation error in a properly 
laid-out series summation circuit comes from wiring 
capacitance. Capacitance across any of the addend 
constitutes loading. Capacitance across the sum 
of the addends changes the scaling of the sum. ‘Thes¢ 
effects are not peculiar to series summation; they 
arise in parallel summation, too However, the 
effects are less severe with series summation becaus« 
of the lower impedance level. Furthermore, in serie: 
summation, the wiring can be arranged to minimize 
capacitance effects. If the sum is zero, the longest 
wiring run is placed across the sum. In general, the 
mallest 
Judicious physical location of 


longest wiring run is placed across the 
source impedance 
isolation transformers also minimizes wiring Capaci 
tance effects. Figure 4 shows various ways to locate 
wiring runs for a simple potentiometer servo 

In some cases it may not be possible to keep the 
high impedance wiring run short. It then becomes 
necessary to neutralize the wiring capacitance by 
some other means. A common method is to shield 
the lead in question, and connect the shield to a 
point other than ground, usually to a low impedance 
point which has essentially the same voltage as the 
lead itself. Figure 5 illustrates the technique. Her 
X, is a high impedance source and X, is a low 
impedance source, both to be summed in series into 
a summing transformer, with the total sum being 
held to zero by means of a servomechanism, for 
example. If the circuit is wired conventionally, 
as in Figure 5A, capacitance Cl will be in parallel 
with X, and will cause a loading error. Shielding 
the wires, which may be necessary in order to mini 
mize capacitive pickup, will increase the value of 
Cl and increase the loading error. ‘The solution is 
shown in Figure 5B, where the hot lead only : 
shielded, and the shicld is connected to X», not to 








FIG. 4. In series summation the 
longest wiring runs of twisted 
pairs should be in the null cir- 
cuit and across sources with the 
lowest impedances to minimize 
the loading effect of wiring ca 
pacitance. Figure D shows the 
best wiring arrangement for the 
functional circuit shown in Fig 
ure A. 


Since the total sum is held to zero, the 
potential on the shield will be the same as on the 
lead and no capacitive current can be drawn from 
it The equivalent circuit shows how Cl is now 
located across the total sum. In a similar way the 
transformer stray capacitance C3, 


ground 


which also pre 
viously caused loading error, is rendered harmless 
by using a double-shielded transformer and connect 
ing the inner shield to X,. ‘The capacitance loading 
on X» has been considerably increased, but this is 


not serious, because the internal impedance of X, 


is low. The important thing is that the capacitive 


loading on X, has been eliminated 


PARALLEL SUMMATION 


I‘here are two general methods of parallel summa 
tion. The first (and least used) is to sum open 
loop in a completely passive circuit. In the second, 
closed-loop summation, the summing point is held 
near zero potential by a high-gain amplifier or by a 
ervomechanism 


Open-Loop Summation 


igure 6 shows the circuit for open-loop summa 
tion. Here the expression for the output voltage i 


4, X,, where: 


ach coefficient is less than unity 
to a loss in voltage 

Ihe admittance G, is not required for summa 
tion itself, but may be required as a de return for 
a circuit or to correct the overall scaling. In design, 
the summing admittances are determined, in accord 
levels desired and the 
from the following equations 


thus equivalent 


ance with the impedance 
required coefhicient 





Suppose, for example, it 1 
S = 1/3 X,; + 1/2 X 
and suppose, too, that the miniunu vad on an 
source shall be 10,000 ohm , { mho 
\ssume the source impedanc 


omput 


Step 1. Compute = A 


‘ G 
ste p . ompute 


Note that Gs is the largest 


Step 3. Let G, 10 and compute G 
10°* mhos; Gy = 1/5 10°* mho 


Step 4. Compute 2 G, | 


10~* mhos 
ij 
14 


7 shows the final 


idmuttan 


Step 5. Compute 
G, 28/15 
ligure 
admittances converted to 


Closed-Loop Summation 


igure 8 shows the general configuration for 
closed-loop summation Here t t quation for 


the sum S 1 
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Capacitance neutralization by 
double 
shielded nulling transformer 


use of driven shield and 


FIG. 5. The wiring capacitance of a long run can sometimes 
be neutralized by special shielding techniques. The conven 
tional circuit, Figure A, will result in capacitance loading of 
the high impedance source. By shielding the hot lead and 
driving the shield from the low impedance side of the circuit, 


In vacuum-tube amplifiers the output admittance 
G, is low compared with the feedback admittance 
Gy and the input admittance G, is very high com 
pared with the summing admittances G,. Under 
these conditions the third factor of the above exact 
summation equation may be modified and the equa 
tion reduced to: 


= 
ZG, Xx, 


‘~! 


Gy 


tthe ith coefficient, with infinite 


amplifier gain. Now the sum may be written as 


Note that the summing coefficients may be greater 
or less than unity, 

The variation in output voltage with a change 
in a source impedance Gy, is 


AG 
AS ( 2) XY, 
6G, 


hus a change in any source impedance affects only 

the output voltage contributed by that input. 
Similarly, a variation in the feedback impedance 

changes the output voltage in accordance with 


(4 
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£ guivolent 
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his 


as in Figure 5B, the wiring capacitance is “neutralized”, that 
is, it is shifted from the high impedance source to the null 
circuit. By using a double-shiclded transformer and driving 
the inner shield from the low-impedance source, the trans 
former capacitance is also “transferred” to a harmless location. 
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\ change in feedback impedance changes the 
caling from all inputs 


voltage 


Amplifier Gain Required 


Ilow do amplifier gain variations affect summa 
tion accuracy? ‘The gain sensitivity for high gain 
amplifiers (A>50) is 


(4) 075" (44) 


The change in gain with respect to changes in 
coefhcients, or to addition or removal of an input, is 


(#) 


I'his means that for very accurate suminations inputs 

cannot be added or removed, nor can summation 

coefhicients be changed very much from design value 
unless the gain is very high. 

In some instances, however, the number of inputs, 
or the coefhicient values, must be varied, while the 
overall transmission stays at a constant level. Here, 
the input admittance G, is deliberately made adjust 
able, and then, as the number of inputs varies, G, 1s 
adjusted accordingly so that 

G. . ~ G 


constant 


I'he overall gain thus becomes independent of the 
number of inputs or coefficients 
In designing for a variable number of inputs, the 


amplifier should first be made unconditionally 








‘table for the minimum number of input employed 


Effect of Source Impedance 


So far the analysis has not included the eftect 
of source impedance on the calculations. his effect 
an be computed in two ways as indicated in 
Figure 9. Figure 9A shows the actual summation 
circuit with the source impedance included 

I'he first method (Figure 9B), is to add the source 
impedance to the summing impedance, the result 
being an adjusted impedance (hence admittance 
(hen the overall transmission is computed using 
the source open circuit voltage. ‘The equation for 
computing the admittance is shown in the figure 


Here 


the voltage source is loaded by the summing imped 


Ihe second method is shown in Figure 9¢ 


Whe 


IG. 6. This is the generalized circuit for open-loop 
parallel summation. Because it is a passive circuit, 
all coefhicients are less than unity 
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FIG. 7. The open-loop parallel summation problem 
explained in the text results in the impedances shown 
in this circuit. 
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FIG. 8. This is the generalized circuit for closed-loop 
parallel summation. The minus sign associated with 
the amplifier indicates the usual sign reversal with r 
spect to the input signal. 








FIG. 9. In closed-loop parallel summation the effect of the 
source impedance R, as shown in Figure A, may be accounted 
for in either of two ways. In the method in Figure B, the 
source impedance 1s added to the suming impedance the 
result being a modified admittance to be used with the open 
circuit source voltage. But in the method in Figure C, the 
source voltage decreases somewhat as a result of the loading 
by the summing impedance. Now the total admittance of the 
mput circuit 1s simply the reciprocal of the original summing 
impedance, and is used with the computed source voltage 
assuming zero source impedance 


ince and the consequent output Oltage 
‘his new voltage is used as the input to the 
impedance, with the 


Lhe equation 


ompute d 
uniming 


source mmpedance a 


| umed to 


be zero 
directly 


hown ignal 


mpute the 
This method depends on the summing 
point remaining near zero potential, as is the case in 
Although both methods of 


analysis yield identical results, the 
better one to use when the ircuit 


closed loop summation 


econd is. the 
contain iriable 


ource impedances, such as a potentiometer 


Wiring in Parallel Summation 


Ihe most critical pomt vith ird to pickup 


ih the parallel wmmation i! ! thre tihng 
It operates at a very lov el with a fairly 


high impedance 


point 
All wiring ft hy point must be 
hort, and should be shielded or run twisted with 


i ground return The summing there 


mpedance 
fore, should be located inside thi 
to the first stage as po 
Voltage scaling adjustment parallel summa 
tion should be made at the ( ide of the 


umming impedances 


implies ind a 
{ lo ¢ 
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What to Look for in— 


Electrohydraulic Servo Valves 


B. A. JOHNSON, L. D. SCHMID, AND J. WARSHAWSKY, Cook Research Labs. 


THE GIST: Advances in hydraulic techniques 
and equipment have made possible hydraulic 
servos with large capacities and fast re- 
sponse. The electrohydraulic servo valve 
plays an important part in achieving ade- 
quate and reliable performance of hydraulic 
control systems. Its basic function is control 
of the large output power delivered to the 
hydraulic actuator with a low-power elec- 
trical signal. In a way, then, the valve is 
analogous to an electronic power amplifier. 
Since the valve has a variety of configu- 
rations and types, the one selected and the 
way it is applied depend on the system in 
which it will be used, as well as its materials 
of construction, its static and dynamic char- 
acteristics, its reliability, and its environment. 
The authors’ work under WADC Contract 
No, AF 33(616)-2447 is the basis for this sur- 
vey of basic valve types and construction, 
(Table I), selection and application, and fea- 
tures of commercially available electrohy- 
draulic servo valves (Tables II! and Ill). 
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Hydraulic servo systems offer considerably faster 
dynamic response than electric or pneumatic systems, 
particularly in applications requiring more than one 
horsepower at the load. This response comes from 
the 
P high torque-to-inertia ratio of the servo’s hydraulic 
actuator and additional advantages come from the 
inherently large power-to-weight and power-to-vol 
ume ratios of the actuator 
» wide bandwidth and large power-handling capacity 
of the servo’s electrohydraulic control valve 

‘Table I reviews the major elements and forms of 
clectrohydraulic servo control valves: valves that 
provide the system designer with effective compon 
ents for severe control problems. This article treats 
the important design considerations in selecting thes¢ 
valves for system application. 


TYPES OF CONTROL VALVES 


igure 1 shows the pressure-flow characteristics of 
various types of electrohydraulic servo control valves 
Basically, valves control flow or they control pressure 


Flow-Control Valves 


Flow-control valves are by far the most widely 
used. Their design incorporates either uncompen 
sated or gain-compensated flow characteristics. In 
Figure 1 load flow is plotted as a function of load 
pressure, with the electrical input to the valve as 
a parameter. Here solid lines represent the normal 
or uncompensated, flow-control valve. These solid 
curves show that the output flow decreases as the 
load pressure increases, This parabolic relationship 
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FIG. 1. B lassifications of 
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' 
' 
flow control, and pressure control 


ox ’ 
| > oe erm: Here these haracteristics are 
_— — 
T _ plotted with differential input cu 
' 


| ; rent a8 a parameter 


Load pressure -> 


omes from the Bernoulli formula city output under varying 
7] Axt(A p)'? 
where: Q is the load flow 
p is the valve orifice pressure drop 
is the input current I'he 
Xk is an orifice constant 


Pressure-Control Valves 


dot-dash curves of Figu cpl nt typi i] 


haracteristi of pressure-co ) l hese 
Since the valve pressure drop Ap is related to thi 


OUTCE pr SUITE pP and the load pres ure P ds shown thre output pr Lire ] almost independ t ot the 
in Equation 2 


urve being nearly straight a ert how that 


oad flow over a large range of load flow Thus in 
SPs / P this type of valve the load pre re | proportional 
the Bernoulli formula becom« to the electrical input 
) ka(p pr) ; Pressure control valve ( vlicre the 
he flow gain of the valve (flow per unit of input 
current) derives from the partial derivative of Equa 
tion 3, taken with respect to x. Thus the flow gain 
equal 


ind depends, therefore, on load pressure, 
for different load condition 

Gain-compen ited valves minimize the effect of 
load pressure changes on flow gain. The dashed 
curves of Figure 1 show the characteristics of such 
a valve. Here the output flow is almost independent 
of the load pressure over a range of such pressure 





Thus the valve’s flow gain remains essentially con 


tant within this range. Special construction allow 





over-compen ition, with a resulting positive lope . 
Vic. 2. Plot of a valve output flow against 


in the region of zero load pressure. Gain compensa 

. nput differential current Ihe flow gain is pr 
tion is used where variations in gain would be det: mb eee eee 
olay ' - ~ a oe _ portional to the slope of this curve, so the gain 


mental in the ervo, and where a constant velo depends on linearity and symmetry of the curve 
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draulic servo’s load requires force or torque control 
rather than position or velocity control. This valve 
has theoretical advantages when used with high 
inertia loads or in systems with a considerable amount 
of oil under compression. However, these theoretical 
advantages may be offset in applications requiring 
appreciable flow because of the valve’s poor dynami¢ 
response. ‘This response degradation under flow con 
ditions is apparently the result of the pressure com 
pensation procedure 


STATIC CHARACTERISTICS 


The system designer considers many factors about 
electrohydraulic servo valves when specifying onc 
for a particular system. In addition to the pressure 
flow characteristics already discussed, other steady 
state characteristics of importance include: flow gain 
maximum flow, steady-state leakage or quiescent 
flow, pressure gain, maximum pressure, hysteresis 
threshold, dead zone, null shift, and input current 

Flow gain contributes to the overall loop gain 
of the servo system. As shown by the solid curve in 
Figure 2, the valve’s gain depends on slope, linearity 
and symmetry, as well as changes in slope due to load 
pressure changes. 

Maximum flow rate depends on the peak rate of 
position displacement (velocity) of the output 
actuator. It is common in hydraulic system design 
to select a valve that supplies the required maximum 
load flow when the load pressure is two-thirds the 
supply pressure. Under this condition maximum 
power is transferred to the load. 

Allowable quiescent power is set by the standby 
power available in the hydraulic system. Valves with 
nozzleflapper first stages require about 0.1 gpm 
quiescent flow for the control stages. Figure 2 show 
the leakage (quiescent flow) for the nozzle-flapper 
type valve. The peak around null comes from added 
leakage of the second stage spool. ‘This leakage is 
greatest with the output spool centered. Most sys 
tems allow for this steady-state loss, but it cannot be 
tolerated where the hydraulic power is derived from 
accumulators or limited-« apacity pumps 

In any electrohydraulic servo system a certain 
amount of friction will be present and possibly some 
spring loading, too, Friction increases the amount 
of valve input current necessary to produce a meas 
urable change in flow, while spring loading create: 
steady-state errors in the servo 

In a positional servo high pressure gain in a flow 
control valve minimizes these detrimental effects 
Pressure gain is the slope of the pressure-differential 
current curve taken under blocked load conditions 
Its value, which depends on the valve port’s overlap 
or underlap, is usually very high for a closed-cente: 
flow control valv« 

But a pressure-control valve has a relatively low 
pressure gam because its output pressure range cx 
tends over the entire current range of the valve. In 
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this case good linearity and symmetry imply a fairly 
constant pressure gain. 


The maximum required force coupled with the 
actuator 


arCa determines the Thaximum pre ure, 


which constitutes all or some portion of the 
pre LiT¢ 


upplhy 
\lthough this maximum force theoretically 
in combine the forces of acceleration, velocity, and 
teady-state operation, the actual combination will 
depend on the load and the desired r sponse 


lhree characteristic: 
P hysteresis 


affect performance 
the difference in flow occurring at zero 
input current as the current is cycled from zero over 
its entire range and back to zero 
> threshold—the smallest input current necessary to 
produce a measurable change in flow, and 
> deadband—the range of input currents around null 
zero load flow) where the load flow of the valve 
remains essentially zero 

Ihe principal source of hysteresis arises in the 
magnetic circuit of the valve’s torque motor. Se 
ources may be the motor and output stag 
prings, or friction within the valve. Lov impli 
tude dither eliminates the hysteresis if it’s due to 
friction, but not if it’s due to the magnetic circuit 

‘Threshold, also due to internal friction of the 
valve, likewise may be reduced or eliminated by 
dither. The threshold might be considered a measure 
of the valve’s sensitivity (not gain) where a small 
threshold value corresponds to a high sensitivity 

System operation determines the desirability of 
deadband, which develops from overlap at the port 
of the output spool. Deadband is usually undesir 
able because of the nonlinearities introduced into 
the control action of the system. This effect can 
be reduced by the addition of dither of sufficient 
magnitude to cause the output spool to traverse the 
entire deadband 


ondary 


Small signals then cause some out 
put flow on the peaks of the dither signal 

Most nozzle-flapper valves have low enough valu 
of hysteresis, threshold, and deadband to make 
dither unnecessary. But valves using spools directly 
troked by the torque motor (e.g., single-stage valves 
usually do require dither 

Many valves 
of the flow null 
ditions of temperature and supply pressure 
the exact causes of thes« 


exhibit a shift with respect to zero 

zero load flow) under varying con 
Although 
shifts are unknown, the 
most likely are changes in 1) magnetic characteristic 
of the torque motor, 2) orifice coeficients in nozzle 
flapper valves, 3) physical dimensions within the 
spring characteristics. ‘This null shift 
amounts to as much as 1 ma (the differential cu 
rent necessary to renull the valve) for a valve whose 
full input current is 8 ma. The extent to which 
valve null-shift affects servo accuracy depends on 


valve, and t 


the servo loop gain. In general valves that employ 
in internal closed loop between stages exhibit | 
null shift than valves 


with a 


that operate open loop 
is those pring-restrained output stags 


he maximum differential current input for com 
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An electrohydraulic servo valve controls an hydraulic circuit by means of an electrical signal. Thus this valve converts an input 
current into an output flow or pressure, all three of these factors being interrelated in some characteristic manner depending 
on the type of valve. 

Electrohydraulic valves contain two basic sections: the hydraulic output stage, which controls the flow or pressure to the 
load actuator, and the contro! section, which positions the output stage in response to the electrical input signal. In some 
valves the control section contains an electromechanical transducer that directly drives the output stage. This configuration 
is known as a single-stage valve. In other valves the transducer drives an hydraulic preamplifier which in turn positions the 
output stage. This type is called a two-stage servo valve 


A three-way valve (pressure-drain-load) contains two orifices in series between 
supply pressure and drain. The load-flow outlet is located between the orifices. 
Thus, whenever the movable element moves with respect to the valve body the 
area of one orifice increases while the area of the other orifice decreases, Pressure 
drops across the orifices likewise vary, forcing oil in or out of the load port. In 
this type of valve the load outlet pressure is always the same as the pressure drop 
across the drain orifice. Since the outlet pressure never becomes negative it drives 
the load actuator in one direction only. To obtain bidirectional operation a re 
straining force (a spring or an external pressure source) must be applied to the 
other side of the load actuator piston. 


THREE - WAY VALVE 


Y) 
4040 
(OUTPUT FLOW, PRESSURE' 


FOUR -WaY VALVE 
The four-way valve (pressure-drain-load-load) uses four orifices to contrel the load PRESSURE DRAIN 
flow or pressure for bidirectional motion. Here one pair of orifices is used for each Z Z 
direction. Basically, the four-way valve operates as two three-way volves in push 
pull. As the movable member moves in one direction the load pressure between 
one pair of orifices increases while the pressure between the other pair decreases 
Because of this push-pull action the four-way valve produces a greater force out- 
put, is more linear over a larger range, and is less susceptible to supply pressure 
variations. But it has the disadvantage of increased costs. In servo applications the 
four-way valve is most commonly used. 


HYDRAULIC OUTPUT STAGE 
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; TORQUE MOTOR (FOR SPOOL VALVES) 
The torque motor (most common) contains a dc electromagnet and an armature. 


In addition, a permanent magnet is sometimes used to produce a bias flux against 
which the current-induced field reacts. In some cases the armature is part of the 
hydraulic amplifier. The armature rotates about a pivot and is spring-restrained. 
Current within the electromagnet creates a torque proportional (over a restricted 
range) to the current magnitude. The motion of the armature is rotary, although 
only of a small angular displacement. 











The operation of the solenoid as an electromechanical transducer is similar in 
principle to the torque motor, except that its armature motion is translational 
rather than rotary. Use of a solenoid results in a longer valve than does use of the 
torque motor, although the valve's cross-sectional dimensions may be smaller. 
Improved dynamic response is obtained from small-size transducers, and therefore 
the load driven by the armature should be kept to a minimum. 
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Hydraulic preamplifier stages take many configurations. In addition to the nozzle- 
flapper and jet types shown in this table, such stages may be either of the spool 
type used in the hydraulic output stage, or of flat-plate construction. In nozzle- 
flapper preamplifiers the flapper, located near the exhaust outlet of the nozzle, 
forms the armature of the torque motor. Any displacement of the flapper changes 
the effective area of the nozzle and hence the pressure drop across the nozzle. 
In single-nozzle-flapper design one of the orifices is fixed while the other orifice, 
formed by the flapper and nozzle, is variable. The fixed orifice is upstream from 
the flapper nozzle. Thus when the flopper moves toward the nozzle the pressure 
drop across the nozzle increases accordingly, with a corresponding decrease in the 
drop across the fixed orifice. The control pressure, applied to the spool of the out- 
put stage, equals the pressure drop across the drain orifice. 





In the balanced flapper preamplifier four orifices are used, two fixed and two 
variable from two nozzles. The nozzles are on each side of a single flapper. Here 
pressures upstream from each nozzle are applied to the ends of the output spools 
to give bidirectional controlling action to the hydraulic output stage. In double- 
nozzle preamplifiers the flapper’s maximum displacement is limited to about 
0.001 to 0.002 in., as compared with the total stroke of 0.005 in. of the single- 
flapper type. Both types of flapper-nozzle design give fast response and have 
small friction forces and no dead zone. But they have a high leakage rate when 
compared with spool-type preamplifiers. 








ve ™ , ; JET PIPE PREAMPLIFIER 
The jet-pipe preamplifier consists of a rotatable nozzle that aims a jet of oil at 


two adjacent orifices in a distribution block. Passages drilled through the block 

lead to opposite ends of the controlled member. When the jet nozzle points di- 

rectly between the two orifices the recovered oil pressures at each orifice are 

equal and no displacement of the movable member occurs. However, if the nozzle 

is pointed more at one orifice, the developed pressure at this orifice increases 

while the pressure at the other decreases, resulting in a movement of the movable a 
member, Due to its inertia the jet-pize valve is limited in dynamic response, but 

it does have excellent reliability. 


HYDRAULIC PREAMPLIFIERS 
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mercially available valves ranges from about 2 to 40 
ma. For a particular application the valve’s exact 
rating can be specified. ‘The present trend, pal 
ticularly in aircraft control systems, is to use maxi 
mum currents of 8 to 10 ma. Even in industrial 
systems, these lower currents appear desirable. 


DYNAMIC CHARACTERISTICS 


(he principal dynamic characteristic of interest 
to the system designer is the valve’s no-load fre 
quency response. Although the valve’s respons 
under load is also significant, these data are often 


more difficult to interpret and us¢ 


How to Measure No-Load Frequency Response 


I'he no-load frequency response of the servo valv« 
rclates the amplitude and phase shift of the output 
flow to the input current over the operating rangé 
of frequencies and is usually obtained experimen 
tally. ‘The measurement of output presents a prob 
lem, since it must be accomplished under the 
condition of negligible load. Probably the method 
most apparent is to utilize a dynamic flowmeter of 
the propeller or vane type. Unfortunately, the flow 
meters which are presently available are not capable 
of measuring rapidly reversing flow at the frequencies 
and pressures that are of interest. The device the 
authors have used successfully consists of a small 
double-ended actuator coupled to the load ports 
of the valve through a manifold. Provision is made 
for measuring both piston position and velocity 
with a linear-motion potentiometer and linear-mo 
tion velocity pickup, respectively. ‘The velocity of 
the actuator piston is essentially directly proportional 
to the output flow as long as the test frequency is 
kept approximately two octaves below the natural 
frequency of the piston mass and the effective spring 
due to the compressibility of the oil. By using a 
mall cylinder with lightweight moving parts and 
i minimum volume of oil under compression, the 
natural frequency can be made in the order of on 
thousand cps, or higher, providing a large frequency 
range for measurement 

During the the peak 
input differential current is maintained constant and 
the amplitude and phase of the velocity pickup i 
recorded at various frequencies over th« operating 
Tange 


frequency response tests, 


\ low-gain positional loop is maintained to 
prevent the actuator piston from drifting to one 
end of the actuator 


quen V-T¢ porise Curve 


igure 3 shows a typical fre 


Analysis of No-Load Frequency Response 


Roughly speaking, the measured no-load frequency 
response of most valves exhibits characteristics that 
would be obtained from the single-order transfer 
function of the form: 1/(1+-jwl Thus the am 


plitude ratio curve has a negative slope after the 

















FIG. 3. No-load frequency-response characteris 
tic of a two-stage servo valve is similar to that 


obtained from a single-order la 


break frequency, of approximately 6 db/octave (20 
db/decade). Here, of course, the 
occurs at the minus-3-db point and 
range of from 30 to 170 cps 

But the phase-shift characteristics are not as well 
behaved as the amplitude-ratio characteristi li 
some valves the phase shift curves do track the 
theoretical single-order characteristics with the 4 
deg point coinciding with the minus-3-db amplitude 
point, but at higher frequencies the curve 
from the theoretical: the phase shift 
beyond minus 90 deg. In other valves the phas 
shift at the minus-3-db point much greater than 
would be expected from a ingle-order transfer fun 
tion. ‘This characteristic is apparent in valves that 
employ feedback and exhibit high break frequencx 
i phase hift of 1 to | 
deg/cps occurs prior to the break 

Since the load natural freque 
than the valve’s break 


break frequency 
usually in the 


depart 


ontinwue well 


lor most two-stage valve 
frequen 
usually lowe 
phase lift 
more interest than 
ularly true if the 
vithin the servo 


high I¢ pots 


freque the 
characteristic is generally of 
the amplitude curve, ‘This is part 
hydraulic system exhibits resonance 


bandwidth. In some application 


1§ desired and the amplitude haracteristi iso 
of prime importance 


Valve Operation Under Load 


When the valve operates under load its response 
becomes more a function of the load characteristic: 
than of its own dynamic I hat the load’s chat 
acteristics, such as the natural frequency of the ma 
and effective spring constant of the oil under com 


pression, predominate in the overall tem response 


From the frequency-response poin iew thi 


means the valve bandwidth i 

of the system bandwidth 
However the valve contrib 

that can be correlated with the 
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MOOG SERIES 500, 900 and 1400. These valves use a double nozzle- 
flapper first stage that drives a spring-restrained spool-type second 
stage. With this arrangement the flapper position produces a force on 
the output stage spool proportional to the differential current input 
The spool position is proportional to this force. In the 500 and 1400 
series the spool diameter is '/, in. and in the 900 series it is 3/16 in 
The first stage of all valves is protected by a 40-micron sintered bronze 
filter and a magnetic filter. Construction: hardened steel sleeve floated 
on “0” rings in aluminum body, and wet torque motor. 


MOOG SERIES 2000. Same construction and operating principles as 
above, except dry torque motor uses a tube for sealing. Tube acts as 
flexure pivot for armature and flapper. No magnetic traps needed with 
dry design. 


CADILLAC GAGE FC-2. Valve uses a single nozzle-flapper first stage 
driving a spool-type second stage. Pressure from hydraulic preamplifier 
is applied to full piston area at one end of spool and supply pressure 
is applied to one-half the area at other end. Internal feedback to 
torque motor is accomplished by lever and spring arrangement between 
spool and flapper. With feedback, spool follows position commanded by 
electrical input. First-stage filters: 40-micron sintered bronze and mag- 
netic. Construction: hardened steel sleeve floated on “O'' rings in 
aluminum body. 


CADILLAC GAGE PC-2. This valve controls load pressure. It uses a double 
nozzle-flapper preamplifier driving two freely-floating pistons in the 
second stage. Pressure control is derived from a pressure proportional 
to load pressure. This balances second-stage spools against driving 
pressure (proportional to differential current) from first stage. The 
balancing pressure, created by flow through the hollow spools, builds 
up across fixed orifice in passage between dead ends of the spool 
chambers. Magnetic and 40-micron sintered bronze filters 


BENDIX PACIFIC HR SERIES. These valves use a double nozzie-flapper 
first stage that drives a spring-restrained second stage. Principle of 
operation is similar to other valves of same basic construction, but here 
the torque motor and nozzle-flapper assembly gives greater flapper 
displacements than conventional designs. Greater movement prevents 
clogging, and additional protection against this problem is provided by 
a 5-micron sintered bronze filter. Construction: steel body with hard- 
ened steel inserts 





PEGASUS LABS MODELS 120-B, 140, AND 160. Pegasus valves use a 
quadruple nozzie-flapper preamplifier driving a spool-type second 
stage. In this unique design the nozzles ore attached to the spool and 
are free to follow the flapper movement. A solenoid force motor, which 
drives the flapper, is sealed by a bellows seal from the nozzle-flapper 
chamber. This construction eliminates need for magnetic filters. 120-8 
valve uses a hardened steel sleeve in aluminum body, while the other 
valves use all-steel construction. Model 120-B shown 


SANDERS SA14 AND SAI7. SA14 valve (shown) uses a spool-type first 
stage driving a spool-type second stage. SAl7 (a new design, not 
shown) uses a needle-nozzie first stage and spool second stage. In 
SA14 the force motor core and coils are attached to the second stage 
spool, with the armature spring restrained to the valve body. This con 
struction permits large total armature displacement with a small rela 
tive motion between armature and core. SA14 has a wet force motor 


HYDRAULIC CONTROLS DS-2. In this valve a torque motor drives a spool 
first stage that controls a spool second stage. A linear differential 
transformer delivers an electrical signal proportional to second-stage 
spool position. The signal bucks the electrical input signal, and any 
difference is amplified, drives the torque motor, and thus closes the 
control loop. Therefore second-stage spool position is proportional to 
electrical input signal. The feedback arrangement allows a short-stroke 
fast-response torque motor. All-steel construction 


MIDWESTERN MODELS 3 AND 4. Both models are dual-spool single-stage 
valves driven by a torque motor. The spool arrangement forms a four 
way valve insensitive to acceleration forces. Model 3 is flow-force com 
pensated, but Model 4 is not. Both valves exhibit gain compensation 
to o considerable degree (which indicates Mode! 3 has incomplete flow 
force compensation). The valves use all-steel construction 


MIDWESTERN MODEL 7. This valve uses a rotary flat-plate single stage 
with hole- and plug-porting. A torque motor (same os in other Mid 
western valves) drives the plate. Flow-force compensation can be in 
corporated simply by adding baffles or deflectors inside the center hole 
of each load port. Valve uses all-steel construction 


BELL AIRCRAFT MODELS SV-6€ AND SV-14C. (Manufactured by Hydraulic 
Research & Mfg. Co.) These valves use a double nozzie-flapper first 
stage driving o spring-restrained spool second stage. Principle of oper 
ation is same as other balanced nozzie-flopper valves. Depending on 
model, either ‘O' ring or bending tube sealing isolates the torque 
motor coils from the oil flowing through the nozzles (dry construction) 
Internal filters clean oil supplied to the first stage. Valve constructed 
with hardened steel sleeve floated on “0 ring in aluminum body 





sure-flow curve. For instance, for a system in which 
the load natural frequency (due to inertia and oil 
compressibility) is within the bandwidth of the 
servo valve, experiment has shown that: 
P the greater the slope of the pressure-flow curve the 
higher the degree of damping contributed by the 
valve, and therefore, that 
P gain-compensated flow-control valves contribute 
the least damping, and 
P pressure-control 
damping 
But stable servo performance at high gain levels 
usually requires that this inherent valve damping 
still be augmented with additional damping 

In systems analysis it is helpful (and quite accu 
rate in many cases as a first approximation) to con 
sider the load response and the no-load response 
of the valve as separate uncoupled cascaded elements 
of the system. 


valves contribute the greatest 


PHYSICAL CHARACTERISTICS 


Since the designer is seldom allowed unlimited 
space and weight, particularly in airborne installa 
tions, the physical characteristics of the servo con 
trol valve are important, Fortunately, many of the 
contemporary servo valves weigh only about | Ib 
and are small enough to fit in one’s palm 
are, of course, 


‘| here 
larger and heavier valves for industrial 
and marine use, but large size rarely means better 
performance. Small valves of all-steel construction, 
heavier than combination steel-aluminum valves, are 
useful when temperatures exceed 250 deg F. 

Besides size and weight, the valve’s adaptability 
to manifolding directly to the actuator deserves con 
sideration, since direct manifolding minimizes the 
volume of oil under compression. A standard port 
ing arrangement, used on over half of the com 
mercially available valves, spaces the four ports 
equally on a base circle. 

The valve’s electrical connections differ among 
brands, and first-hand experience by the authors 
indicates that AN-type electrical connectors are most 
satisfactory. ‘They meet military requirements and 
serve well in industrial applications 


VALVE RELIABILITY 


A servo valve’s reliability depends on the valve 
design, the quality of workmanship, and the system 
in which the valve operates. 

The authors’ experience shows that two-stage 
valves are more reliable than single-stage valves be 
cause of the higher forces available to move the out 
put spool, And that nozzle-flapper first stages (even 
with their susceptibility to clogging) are more re 
liable than spool-type first stages. Here better re 
liability results from the force needed to move the 
flapper, which is small compared to the force re 
quired to move the spool. Adequate system filtration 
as well as internal oil filters minimize the nozzle 
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flapper’s potential clogging and improves reliability 

Dry torque motor valves, in turn, are more reliable 
than wet torque motor valves. In the latter, oil flows 
aiound the magnetic element which attracts mag 
netic particles in the oil, the eventual result being 
a change in the torque motor’s characteristics. Mag 
netic filters in the valve circumvent this 

Quality of workmanship is of major importance 
in maintaining reliability. Even with the best valve 
design reliabilty diminishes with the presence of 
excessive tolerances, poor fits, insufficient clearances, 
and thermally unstable parts. Electrical defects also 
reduce valve reliability, and thus care should be 
taken to prevent opened or shorted coils and arcing 
between connector terminals. Placing a fuse in the 
line between the amplifier and the torque-motor coil 
prevents damage to the valve in case of amplifier 
malfunction or shorted coils. Limiting peak coil 
current increases reliability and can be accomplished 
with thyrite resistors (voltage-sensitive nonlinear re 
sistance) connected across the coils. But becaus« 
this added resistance increases the torque motor’s 
electrical time constant, it should be used only where 
reduction in motor response is not critical 


HOW SYSTEM CHARACTERISTICS 
AFFECT SERVO-VALVE OPERATION 


Environment and other system factors strongly 
influence performance and reliability of the electro 
hydraulic servo valve. Among these factors are 
P type of hydraulic oil used in the system 
> extent of oil filtration 
P oil's operating temperature 
> ambient temperature 
P pressure source 
P length of supply lines 
> type of actuator used 
> driving amplifier 


Hydraulic Oil 


Selection of the hydraulic oil is dependent on the 
oil's viscosity, compressibility, flammability, solvent 
effect, wax-producing tendency, and operating tem 
perature. Most military hydraulic systems use MII 
(5606 hydraulic fluid because of its high viscosity 
index (i.e., relatively constant viscosity with change 
in temperature). 

A wide range of hydraulic oils or synthetic fire 
resistant oils are found in industrial application 
Normal petroleum-base hydraulic fluids present few 
problems in commercially available servo valve 
while synthetic oils present some major ones. On 
of them is need for a special packing material 
Another need is for a finer degree of oil filtration, 
because the detergent and paint-removing properties 
of the synthetics introduce particles into oil lines 

Wet torque-motor valves 
jority) can handle synthetic oils if protected by pe 
cial electrical insulating materials. [lowever, use of 


at present im the ma 





a water-base synthetic fluid makes 


valve mandatory. 


1 dry torque-motor 


the use of a synthetic fluid 

the higher bulk modulus 
of synthetics, as compared with petroleum-base fluids, 
raises the load’s natural frequency and thus broaden 
ystem bandwidth and speeds up response 


If system design allows 
a major advantage accrues 


Oil Filtration 


Oil filtration within the system definitely improve 
the servo valve’s reliability. Most manufac 
turers specify 10-micron filtration, with some varianc 
above and below this number 


valve 


Che authors’ exper 
lence shows cascading filters to be effective, and in 
this arrangement, the oil is first passed through a 
10-micron filter element and then through a 2- to 
5-micron element filters, of course, are in 
lo further 
guard against large particles that may enter during 
piping changes, a strainer is inserted at the 
inlet. A number of valve types 
precaution 


These 
the pressure line upstream of the valve 


valve 
incorporating thes« 
than 


ot ( logging Or 


were continuously tested for mor 
a year and there were no problem 
ticking due to dirt. Another procedure that pays 
off is to filter the oil from the drums 
filling the 


these contain 


ontamunator befor control 


ystem 


Ambient Temperature 


which th 
valve is to be used greatly influence the valve’s d 
250 to 500 
than th 
single-metal 


he oil and ambient temperatures at 


ign. lor high-temperature application 
more suitabl« 
‘his 
that would otherwis« 
arise because of the difference in thermal expansions 
Other problems that arise because of high operat 
ing temperatures are changes in orifice coefficient: 
and insulation breakdowns. Fortunately, a relativels 
constant and reasonable operating temperature (100 


deg F) all-steel valves are 
combination 
construction reduces difhiculti« 


stecl-aluminum 


to 150 deg F’) can be maintained by adequate cooling 


Pressure Source 
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iffects valve operation the gain varie 
hifts, and 
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regulation of the pressure source adversel 
ind the nul 
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mall implhitude to be 


high-frequency pressure pulsa 
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of parts and unwanted resonance 


Pumps of the gear, vane, and radial or axial piston 


types are pressure sources of hydraulic systems. ‘These, 


ombined with relief valves, accumulatos 


valves, and pressure compensators, produce a mor 


or less constant pressure. The source’s output then 


feeds the hydraulic servo valve and load combination 
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A DESIGN METHOD FOR 
Feedback 


Stabilizing Transformers 


H. B. JAMES, Westinghouse Electric Corp. 


THE GIST: Transformers have long been 
used to add a stabilizing rate of change 
factor to the feedback signal in voltage 
regulator systems for de generators. To- 
day they are also finding application as 
“static-element” sources of rate signals in 
control systems that use magnetic ampli- 
fiers. Many control and regulating systems 
need stabilizing at frequencies lower than 
the low-frequency cutoff of the best audio 
transformers. Thus the problem arises of 
designing transformers to produce usable 
output voltages from very slow changes in 
their primary circuits. To make matters 
worse, these transformers generally must 
operate with large amounts of core-sat- 
urating de in both primary and secondary 
windings. 

In industrial generator-regulator sys- 
tems, where size and weight are not too 
important, rate transformers have been 
designed by cut-and-try methods. But in 
aircraft systems, rate transformer induct- 
ances and time delays must be maximized 
for any given core size, in order to reduce 
size and weight. This article presents an 
empirical method for optimizing these 
time delays when core size and certain 
other transformer parameters are given. 
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Many industrial generator-regulator systems have 
combinations of time delays and time constant 
that are naturally fairly stable. And because the 
weight and volume of their components are not 
seriously restricted, the design of rate transformer 
for these systems has not been critical. In aircraft 
systems, however, the stability problem is quit 
serious because all of the time delays are of about 
the same magnitude. ‘This, coupled with space and 
weight considerations, makes critical the design of 
rate transformers for aircraft electric systems. 

In de generator-regulator systems, the most 
common method of connection is to place the 
primary winding of the feedback stabilizing tran 
former across the exciter output terminals and the 
secondary winding in series with the regulator oper 
ating coil, as in Figure 1. ‘This article deals with 
transformers designed to operate in circuits of thi 
kind. Figure 2 shows a typical feedback transformer 
using two C-type cores 

I'he theoretical aspects of what the parameters 
of the feedback transformer should be are not con 
sidered here. ‘The required transformer parameters 
would be determined by a mathematical analysis 
or analog computer study of the entire system.’ 
Figure 3 includes a brief analysis of the feedback 
transformer circuit. Assuming that the required 
primary and mutual time constants T, and T,, are 
known, this article discusses design considerations 
and presents some empirical data in order to provide 
these parameters in a suitable transformer 


DESIGN CONSIDERATIONS 


The maximum effective inductance for a given 
core material and a given de-ampere-turn bias 1 
produced by an optimum air gap. A very important 
paper by Hanna’, on the design of single-winding 
reactors that carry de, develops a much-used thre 





f inductance tim ( current Moin generator 


olume versus de ampere tum 4 : 4 eae 

for given ratios of air gap length 

Such a surface is shown in Figure 4 
urfaces are available for a number of dif 





ferent core material and have been used exten 
ively for the design of filter chokes and coupling 
ind modulation transformers lor transformer 
however, allowance must be made for the de flow 

in both winding Usually, the primary and 
econdary windings are connected so that the d 


; Feedbeck stabuizing 
impere turn established by each winding are in ronsiormer 


ypposition and tend to produce balance 











rIG., | A typi enerator- regulator 
Dc Biasing Ampere-Turns vstem 


usin feedback transformer 


Balancing primary ind secondar\ ampere-turn 


has limitations in voltage regulator ircuits because 
the primary winding is connected across the exciter 
output voltage, which can vary over wide limits in 
iccordance with the excitation requirements of the 
main gencrator. Figure 5 shows the output varia 
tions over the operating range of a typical 20-kva 
uircraft generator I hese variations are as much a 
four to on Ihe secondary winding is connected 
in series with the operating coil of the voltage regu 
lator (Figure 1), and the dc current in the secondary 4 y 
being proportional to the main generator terminal "1 v 
voltage, is essentially constant. ‘Thus, the field duc ye 
to de in the primary winding is highly variable, 
and that in the secondary is constant. ‘These field 
can be balanced for only one condition of main FIG. 2. Construction of a typical 
generator excitation. transformer using two type cores 

At first, it appears that the transformer should be 
designed so that the net dc magnetic field is zero 
at some nominal level of excitation, letting th 
unbalanced condition occur at both the high and 
low limits of excitation. A more satisfactory design 
is produced, however, if the zero-bias condition 
occurs where the voltage regulating system is at 
minimum stability, because the zero bias allows the 
maximum feedback stabilizing signal. Minimum 
system stability is always associated with low-excita 
tion requirements Lhese requirements in turn ar 
1 result of high rotational speeds of the main genera 
tor and its directly-connected exciter, and light 
loads on the main generator. Refer to Figure 

‘he gain factor of the main generator and exciter 

iries directly with rotational speed 
é Kr 


(iain ‘ Kn 

where e/i, is the voltage generated pet unit of field 
excitation current, K is a constant of proportionality 
ind n is the rotational peed sJecause minimum 
ystem stability occurs simultaneously with maximum 
gain, feedback should be maximum under thes« 
condition 

As can be seen from the hap of the curves in 
Figure 5, the de ampere-turns in the transformer 


primary W ill be quite ippreci ible at low spec ds am FIG. 3. A short analysis of feedback stabilizing transformers 
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ric. 4 Vhree-dimensional plot of transformer 
magnetic-core parameters attributed to C. R. Hanna. 


Ihe fact that the 
under these conditions allows 
the feedback stabilizing signal to be reduced from 
that obtained at the high-gain condition for a com 
parable degree of system stability 
however, the 


heavy main generator loading 
system gain is low 


In some cases, 
saturating effect of the exciter at 
low speeds may be greater than the reduction of 
system gain, which could result in poor stability 

‘This situation could actually have beneficial action 
because the system response is inherently slower 
when the system gain is reduced, and, if the same 
feedback signal were used for all excitation levels, 
the system recovery time would be excessive for 
the low-speed, heavy-load conditions \ reduced 
feedback signal would allow a more rapid recovery 

Unfortunately, it is practically impossible to pro 
duce balanced de ampere turns at the low-excitation 
conditions, ‘The secondary ampere turns are so large 
that at minimum exciter voltage, the current in the 
primary would cause too much wattage dissipation. 
\ compromise is necessary 


Allotment of Window Space 


l’or any given core size, there is a definite window 
area available for the two windings. Generally, about 
80 per cent is allotted to the secondary and the 
remaining 20 per cent to the primary, winding the 
primary outside of the secondary. ‘This allows a 
maximum number of turns in the secondary and 
results in a maximum turns ratio, which is necessary 
to achieve the greatest possible mutual time con 
stant, T,. Sometimes 90 per cent is used for the 
secondary, but there is a limit because the mutual 
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FIG. 5. Steady-state exciter output 
voltage vs. speed for a 20-kva alternator. 


inductance M is a function of the primary induct 
ance L,. Allowing insufficient space for the primary 
results in diminishing returns, for as the turns ratio 
increases, the primary inductance decreases to such 
a degree that the product of the turns ratio and the 
primary inductance is less than before. Note that 
all the calculations in this article are based on an 
80-20 division of coil space 


Secondary Winding 


With a given core and given space available for 
the secondary, the 'ength of the mean turn of the 
secondary winding can be calculated. ‘To get the 
maximum number of turns possible in the second 
ary, a wire size must be chosen that fills the entire 
space with a total winding resistance not exceeding 
the maximum resistance allowable in series with the 
voltage regulator (see Figure 1). It is useless to try 
less than the maximum number of turns in the 
The decrtas« 
resultant decrease in the 


hope of improving the bias condition 
in turns ratio and the 
mutual inductance would combine to give an overall 
decrease in effectiveness. It is always best to us« 
the smallest wire size and the largest number of 
turns and amount of resistance 


Primary Winding 


‘The primary winding design follows the same 
line of reasoning. With given core and given space 
available for the primary, the length of the mean 
turn can be determined for this winding. ‘The maxi 
mum allowable wattage in the primary can be cal 
culated using data from the secondary (in which 





CORE SIZES 


EXAMPLE CALCULATION FOR FEEDBACK STABILIZING 
TRANSFORMERS USED ON AIRCRAFT ELECTRIC SYSTEMS 
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FEEDBACK STABILIZING TRANSFORMER CORES 


“DATA PERMITS QUICK COMPARISON OF 
IN AN AIRCRAFT ELECTRICAL SYSTEM 





the current is constant) and a definite watts per 
square inch of radiating surface, based on the tem 
perature ratings of the insulating materials used in 
the transformer (0.5 watts per square inch is used 
in this articl Ihe allowable primary wattage is 
the difference between the total allowable and the 
secondary wattage 

The primary winding should have the smallest 
resistance possible. ‘This value can be determined 
from the maximum exciter output voltage and the 
allowable wattage dissipation. A wire size can be 
chosen that is consistent with the minimum resist 
ance value. Any smaller wire reduces both the turns 
ratio and the ampere turns in the primary. Resist 
ance can always be added to the primary circuit 


Inductance and Time Constants 


With the windings known, the primary effective 
inductance L,, and the primary and mutual time 
constants, T, and T,,, can be calculated. At mini 
mum excitation they can be found as follows 

1. Knowing the minimum exciter output voltage, 
(LOV ) min, and the length of the given core, ],, the 
net ampere turns per unit length of iron path is 


FOV) mis 
\ 
( 1) ' Nod 
net 
l l 
5 


2. Hanna's curves can then be used to get the 
optimum air gap and the value of LI,,?/V,. 
3. The primary effective inductance is 


Ll | 
(/ . 
‘ | (I, V1, N 


4. ‘The 


then 


primary and mutual time constants 


and 
(Ts (T, | 


Ihe same procedure can be used for any other 
exciter output voltage. ‘The time constants can then 
be plotted as a function of the exciter output voltage 


EMPIRICAL DESIGN DATA 


Given sufhcient data on the core, insulation, and 
coil winding techniques, this procedure and th« 
previous design considerations can yield the maxi 
mum time constants obtainable from any given 
core size. ‘lables | and II have been calculated on 
this basis for seven different Hipersil type-C cores 
I'he cores in these tables all fall in the area of mini 
mum size and weight for the time constants needed 
to stabilize aircraft generators. They could very well 
have been calculated for the larger cores and longer 
time constants necessary in industrial systems. 

Because of the many variables and factors that 


must be considered in the design of rate trans 
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FIG. 6. Characteristics of double-layer enamel wire wound 
with cotton on Universal winding machine vs. wire siz 


formers, it is necessary to take the more or k 
empirical approach represented by tables like thos¢ 
of I and II. The final data of these tables allow an 
immediate comparison of time constants, weight 
and time delays per pound of total core weight 


Core Material and Incremental Permeability 


Che cores used for all of the calculations in ‘Table 
| and II were made of Hipersil cold-rolled oriented 
steel. This 29-gauge (0.013-in.) core material i 
superior for this application to thinner lamination 
of similar material. In all such other cor th 
incremental permeability is less. 

Suitable information on incremental permeability 
is as scarce as information on the design of rate 
transformers. Very little published data on incr 
mental permeability is usable for this application 
hown 


in such data is larger than that normally encountered 


In most cases the minimum ac flux density 
in rate transformers. Because incremental permea 
bility 
data would be on the optimistic sic 


increases with flux density, the published 
Incremental permeability is probably the most 

important factor of the transformer, and therefore 

should be properly valuated for optimum design 
Ihe data shown in Figure 


10 were taken from 














riG. 7. Secondary resistance and turns vs. wire size. 


tests made at the Westinghouse Research Lal 
tory. [his information was obtained using AB 

PAUSse ita frequ nev of 60 ¢ ps Lhe Westinghous« 
Descnptive Bulletin 44-550 on Hipersil cores show 
incremental data only to AB 2 kilogausse lest 
values for typical transformers using Hipersil check 
very well with the data given in Figure 10. Als 
the effect of the frequency of the varying signal j 
being studied for 


mndition 


thinner laminations and certain 


Core and Winding Data 


re data given in ‘lable I is for the 
directly from Bulletin 44-550. ‘The wind 
for low uircraft 
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ability of core material used in calculations 
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l.quation |, an air gap should be 

the greatest value for LI,,2/\N An « 

curves in Figure 9 satisfies this condition 
heavy line in Figure 4. ‘These curves also 
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he curves of Figure 11 were calculate 
basis of intermediate values of primary curt 
how the effect of the varying primary 
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TEST PROCEDURES 


lo evaluate transformer performance 
dependent constants should be known 
> direct-current resistances of the two wind 
> self-inductances of the two windings 
> mutual inductance between the two wi 
A sufficient number of tests must be pert 


to provide the values for these five constant 





best test procedure depends on the type ar 
of the transformer to be tested, the accura 
and the apparatus available 

© the direct-current resistances of the win 








} 


be measured with a Wheatstone bridge 
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drop through the winding while it 1 


; 


own direct urren 


P the self-inductances may be determined from 
tests with one winding open-circuited 
P the mutual inductance can be measured by con 


ting the two windings in sernes, both with aid 


| 


ind opposing polarities. The resultant difference 


hese two values is then equal to four times th« 
mutual inductance. Usually the measurements fo 
these last two are made by means of a suitabl 
alternatu g 


hese measurement 


current bridge (see references 
ire complicated greatly by 
the nonlinear characteristics of the iron and by the 
Because of the latter, the apparent resist 
ance of a winding when the other winding is open 
uited is not it 
greater value. Furthermore, the value 


mutual 


effective resistance, but is a 
of the self and 
nductances depend on the amplitude of 
the alternating flux density and, when there is direct 
current in the windings, upon the value of thi 
direct current Ihe inductance must therefore be 
measured under conditions that closely ipproximat 
the conditions of use of the transformer 

lhe values of inductance also depend upon the 
history of the cor ince the 
in appreciable effect on th 
material. Still 


further, the apparent self and mutual inductance 


previous magnet 


residual magnetism ha 
apparent permeability of the cor 


Fig. 11. Primary time delay vs. primary 
de current for transformers of Table I 


depend on the waveform of the flux variation and 
method of 
measurement. For all these reasons, to attempt to 
obtain precise results in the measurement of self 


the measured values depen the 


ind mutual inductance ince it is prac 
tically certain that the value of the 


under operating conditions v 


inductance 

iot exactly equal 
however the 

small 


} 


the measured values. Fortunat 


variations in the inductance ire relatively 


when the amplitude of the alt iting flux density 
is small, as is usually the case eedback stabilizing 


transtorme! 
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Not Just “On Order”... 
UNIVAC Savings Are Being Delivered! 


The Remington Rand Univac*—first 
“giant brain” on the market—has been 
delivering unprecedented electronic sav- 
ings to its users for the past five years. 
The economies of Univac data-process- 
ing and the accuracy of its exclusive self- 
checking features have been proven at 
installation after installation. 

There are more Univac Systems in 
actual customer use than the fotal of all 
other large-scale electronic computers com- 
bined, And, production has been geared 


to meet this ever-increasing demand, so 
that today we can deliver the Univac 
System whenever the customer is ready 
for it. 

With every Univac delivered goes 10 
years’ experience in electronic comput- 
ing... 5 years’ experience in the com- 
mercial type of data-processing. This 
wealth of background in programming 
and operation is unobtainable else- 
where. It has been gathered through 
solving actual customer problems — on 





Univac—not theoretical solutions with 
non-existent computers. It is your assur- 
ance that, when you install the Univac 
you'll get under way faster, surer, and 
more economically because the System 
has already handled similar work 

In today’s competitive market, the 
company which cuts its overhead first 
comes out on top. So don’t wait until 
1957...1958...or 1959 to cash in on 
the tremendous savings available to you 
now with the Univac System 


Hlemington. Fland. Univac. 


DIVISION OF SPERRY RAND CORPORATION 


Makers of: Univac | + Univac I! + Univac Scientific + Univoc File-Computer + Univac 120 + Univac 60 + Univac High-Speed Printer 
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DIGITAL APPLICATION SERIES } 


Processing Business Data 


Business-data processing consists of putting names and numbers through 
the operations associated with managing a business enterprise. But such 
operations (filing, calculating, deciding, and documenting) are only the 
mechanics of business systems. The real points of interest here are: 

” What are the functions of business-data-processing systems? 

” How do these systems differ from those used to solve scientific problems 
or control industrial systems? 


>What are the data-processing characteristics of various types of busi- 
nesses, their similarities and differences? 

Author Adams lists three major functions, points out that business-data- 
processing systems are distinguished from other systems by a tremendous 
amount of input and output information and an inherently large data file, 
and discusses two data-processing problems: inventory control and payroll 


CHARLES W. ADAMS 
Creole Petroleum Co., 
Caracas, Venezuela 


ited with busine problem Actu 
illy, however, the file is just a symp 
tom, not the source of the difference 
Ihe real difference scems to be the 
Business-data processing systems, o1 respective concems of the 
management information systems as industrial systems control i 

thev have been iptly called. have threc with devices, while busine ontrol 1 on the 


prin ipal function concerned with people In imdustrial 


l.‘lo perform routine record-ke« p control, an electrical impulse Ol 


Ing computation ind decision the ignal used to regulate 
making program based on precise flow of p er that 
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ind the 
copl 
onsist 
1 large number of low frequen 
is a computational tool components (people), widel 
ing at a valid basi i reographic illy and large 
ompany policies and pro ible in behavior. Given 


itl inalogou 
edures can be formulated and problem namely that of controlling 


large number of closely interrelated 
Thus, busine LIS¢ omputers for lowl 
both routine clerical de 


dispersed 
ly unpredict 


! ibin 
nodified 


ii mad 
varying Clements, an industrial 
Cision ind systems engineer would naturally 


nt in i Oo hled data 
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require ider time multiple xing of equipme nt wdifving of 
ome amount of a not-vet-mechaniz Similarly, rather than file im 


able function called judgment imple data proce the arith 
t | | 


issociate a slow 

| or with each em 

plo e tock item upplies ind/ 

BUSINESS VS. OTHER customer, a busing 
DATA-PROCESSING SYSTEMS ets up a hile containing data on each 

person or clement, and time-shar 
The principal difference between fast, efficient arithmetical and logical more than 
business data processing and industrial circuitry between the various account file 
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FiG.2 FACTORS IN SELECTING A DATA FILE 





| THE VOLUME OF DATA TO BE PROCESSED 


A. File Data number of 


B. Input Data number of 


C. Output Data number of 


It THE NATURE OF THE PROCESSING 


A. Level of activity in a unit time 
what percentage of all accounts require 


Complexity of basic processing of 
an input item with a file record < 


Input editing required in 


Output editing required in 


files 

( unit records per file 
trailers per unit record 
digits per unit record 
digits per trailer 


items per unit time 
( digits (average) per item 


§ reports per unit time 
( printed lines per report 


reference 
updating 
maintenance 


{ arithmetical operations 
logical operations 
variations and exceptions 


rearranging fields within an item 

merging several sources into one 

sorting into sequence 

checking the original sequence 

eliminating unwanted or 
inconsistent data 


rearranging within an item 
suppressing unwanted zeros 

forma super-imposition 

rearranging into different sequences 
summarizing 


Il] SPEED AND OTHER SPECIAL REQUIREMENTS 


A. Tolerable delay between the arrival of data and the complete process: 
ing of it (is it minutes or-is it days?) 


Disposition of source documents (must they, like bank checks, be a 


physical part of the output?). 


Arrival pattern of the data (is it random or is it periodic?) 


Erasability required of the file (can a nonerasable, semi-permanent 
medium like microfilm be used?) 





then summarizing, and finally sorting 
back into sequence again, For exam 
ple, a company selling 200 different 
product lines collects sales data in s 
by salesman, but also wishes 
to know total sales for each product 
line 


que nee 


Cards describing each sale ar 
sorted by product line, the 200 totals 
are obtained one at a time, and the 
cards are resorted into sequence for 
refiling, or for another distribution 
(by customer, for instance ) 

Sorting can even sometimes be used 
as a substitute for calculation, For ex 
ample, rather than compute charges 
for each meter reading, one utility 
sorts all readings by quantity and ap 
plies a precomputed charge to each 
group of identical readings Lhe 
charge tickets must then be resorted 
into the same alphabetical or 
graphical sequence as the ledgers 
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sorting are twofold. First, 
often way, and some 
times the only way, to achieve the de 
sired results sorting 
ind especially punched-card sorting, 
can be done quickly, easily, 
expensively by 
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Orting 1s one 


Second, manual 


ind in 
well-established tech 
Electronic data-processing 

can be built or 
grammed to sort large volumes 
recorded on 


TIChuUes 
equipment pro 
of data 
reels of magnetic tape 
But though it can sort faster than 
punched card techniques, it is often 
considerably expensive 

The difficulties of tape sorting can 
sometimes be avoided by simply not 
sorting. Utility charges can be com 
puted rather than looked up. Totals 
by product lines often can be ac 
cumulated by reading the data se- 
quentially only once, and adding each 


Ore 


G 


mount into its proper accumulated 
total, making use of the thou 
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All business problem 
data file, but the volume 
ture of the ind special re 
quirements for referring to, updating 
ind maintaining the file differ for var 
ous applications. ‘The mor 
factors involved are listed in Figure 
Of these. the most crucial in dete 
ing the required equipment char 


processing, 


Trill 
ictel 
istics are the permissible delay, di 
position of the source documents, and 
the arithmetical and logical versatility 
required in processing. Short delay 
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gadgetry; computational 
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to permit one system to 
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P the quantity on hand (to know 
whether 
filled 


P when to place an order to x plen 


i given order can be 


ish the stock of each given mate 


P how to ordes 


ire useful as mea 
for calculating profit ind 
haxe I hie Cc ar 
P thy ilue of the imventory on 
hand at any given moment 
Pm thy ilue of all issues and/or re 
cceipts ina given period, and 
© thy 


mysterious disappearance 


I hiree other factor 
ures of effectivene 


mad base 


ource 


extent of pilferage or other 


In most business value is obtained 
taking periods 

tory. Often the 
for two or three days once a year, and 


physical inven 
busine shuts down 
every item in stock is counted, Valua 
tions and discrepancies are then com 
puted during the next several months 
Che question of whether a demand 
can be filled is answered by examin 
ing the shelf on which stock is kept 
Whether stock needs to be 


ished is likewise determined by com 


replen 


paring balance on hand with some 
reorder level, discussed below 
Inventory Management 


under 


Inventory Tally 


desirable, and in 
mandatory, that a running 


It is someting 
Ome CASes 
record of stock on hand be main 
Purveyors of style and seasonal 
for example, must know the 
movement of each stock item from 
day to day so that they can restock 
those in demand while the demand 
till last And any industry 
operating on a by-appointment basis, 
such as the airlines or Pullman Co., 
must, because of the very nature of its 
business, keep a tally of its inventory 

Inventory tallying is then, like pay 
roll, an accounting operation. How 
ever, it differs from payroll in one im 
portant r¢ pect the 


tamed 


goods 


service 


allowable time 
delay between the occurrence of an 
event and the processing of the in 
formation, In dealing with a weekly 
payroll, for example, there is usually 
1 two- or three-day permissible delay 
between the end of a week and the 
day the pay checks must be ready, and 
there is generally no need to process 
any data concerning a given week un 
til the end of the week 
lends itself to processed in 
batches once a pay period, Where in 


ventory is tallied for purely accounting 


Phus, payroll 
being 


purposes, long delays are also permis 
sible. But most data-processing inven 
tory problems arise because the tally 
ing is being done to permit interroga 
tion or control or both. Then the time 
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clement becom tical. kor exam 
ple, the delay between the sale of an 
iirline seat and the recording in the 
inventory tally system must be ver 
mall—preferably not more than a few 
ccond 

Saving up all the data for a week, 
a day, or even an hour and processing 
it in a batch is not always feasible 
ince it may not meet requirement 
Wherever people are involved ind 
they usually are in business problems 
delays of a few hours are often exce 
ive, while delays of a few seconds ar 
usually acceptable. Designers of ele 
vators, telephones, and other service 

tems find 10 to 60 sec a maximum 
tolerable delay. In dealing with cer 
tain type 
bers of the 
tances often permit a delay of several 


of customers or with mem 

ime organization, circum 
hours or even several da vithout seri 
ous inconvenience. Since high speed 
ystems cost more, it 1 important to 
determine the permissible delay and 


the dollar value of decreased delay: 


Inventory Management 


A properly managed inventory con 
trol system provides material when it 
is needed at the least possible cost 
loo much inventory cost 
turn on investment, cost of insurance 


money re 


storage space charg illowance for 
obsolescence, et “ and not cnough 
inventory costs money also (increased 
likelihood of an out-of-stock condition 
with attendant expediting expense, de 
lav, loss of sale, loss of future sak 
etc.). The theory of inventory man 
agement is not yet perfected 
Determining when and what ar 
somewhat interrelated questions that 
ire usually dealt with separately. Both 
depend on a prediction of future r 
quirements. Multiplying the estimated 
stock required each day by the num 
ber of days it normally takes to get de 
livery on an item gives a reorder level 
but make 


tainty about predicted requirements o1 


no allowance for uncer 


predicted delivery time. Thus a safety 
stock is usually added to the reorder 
level. At present there is no satisfac 
tory or widely accepted procedure for 
predicting requirements or for deter 
mining optimum safety stock. There 
is, however, a widely used formula for 
determining the quantity that should 
be ordered to replenish stock. Th 
economic lot size, derived to minimize 
the total operating cost 
plus reordering costs), i 


yf auant used (unita/yr 


unit coat ($/unit) Xcarrying cost rate ($/8/yr 


(Carrying CO t 
Xordering & setup cost($ 


Despite the lack of 
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there is a great potential savings in 
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in the next section, if 


payroll problem 


esting at this point 
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data processing 
cludes batching (whiul 
inherently a_ batch 
> When _ batching 
whether the data 1 
processed = evel 
hour, or every da‘ 
stock account int 
fected by a batch of Input while 
in pay oll most employe i 
counts are effected b ich batch 
> Inventory management is mor 
complex than payroll, while inven 
torv tallying by itself much 
impler, 
P While payroll is a 
diftering 


company to ompan' 


defined 


proble Ith 


control is imperfectly d fined 
understood and 1 ment 


differ widel 


Ihe regular inputs fe ent 
data processing consist of notification 
of sale or issue of some quantity of a 
pecified item, receipt of some amount 
of replenishing stock, placement of an 
order, correction of on-hand balance t 
compensate for lost material, and in 
quinies as to balance on hand or on 
When inventor 
is involved, the svstem must deal with 


order management 
such variables as unit cost, setup cost 
lead time, etc. As alwa there is the 
question of entering nev counts and 
deleting old ones. 

The file, in the « 
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hand and perhaps the bal 
der. When management 
the above-mentioned factor 
idded to data about past | 

he outputs may b 
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list of low balances or 
When manager 
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ional deductions for taxe dine in 


surance, company store, ete 


he primary output 


pa 


are pay chech 
or envelopes (in the latter 
the tem must “denominate’ 
the payroll, accumulating totals show 
ing how many coins and bills of each 
denomination are required to fill all 
the pay envelope: 


case, 
also 


Journal and ledger 
data are obtained, but may be kept on 
tape for further processing and never 
printed out in the original form 
Irivial as payroll processing may 
cem, don't underestimate the length 
of the required computer program 
Ihe first few applications of a large 
computing the UNIVAC—to 
veckly payrolls in plants employing 
000 to 20,000 hourly paid workers 
required Computer programs of from 
15,000 to 150,000 steps Ihe 
tion is typical of many business-data 
The principles 
sunple enough; but requirements 
ct by law, convention, whim, or tradi 
tion, and not readily to 
standardization make the 
rule and personaliti 
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ire 


susceptible 
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a hurdle 


DATA PROCESSING IN INSURANCE 
AND GOVERNMENT 
No general discussion of business 
ipphications would be complete with 
out mention of the two largest 
» of record keeping—insurance 
government Ihe varied, 
files of data that inherently 
part of life or casualty insurance were 
the incentive for much of the business 
computer pioneering the United 
State Metropolitan Life and Th 
Prudential were leaders in this work, 
to which Sun Life of Canada, rank 
lin Life, and contributed 
Rather surprisingly, the first real ap 
plication of a general-purpose computer 
to business was made by J 
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(Lyons Electronic Office), basing it 
on Cambridge Universit EK DSAC 
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UNIVAC was built. In fact, it was 
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Adams went down to Caraca 
Comptroller's Dept. of Creol 


Petroleum Corp., an affiliate of Standard Oil of New Jersey 
He completed the present article before he left for South 
America and while serving a one-year term on the staff of 
the director of methods and procedures of Westinghous« 


Electric ¢ Jorp 


vears as a member of MIT’s Digital Computer Laborator 
where Mr. Adams had been a programmer, logical designer 
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DYNANATIC SINGLE PACKAGE 


FRACTIONAL HP AJUSTO-SPEDE DRIVES 
Provide Stepless Adjustable Speed 


Sizes and Types 
for Hundreds of 
Industrial Applications 


ee Ajusto-Spede Drives, part of a family of diversified 
eddy-current equipment, provide an economical solution to many 


adjustable speed drive problems. 


The Fractional Horsepower Ajusto-Spede, a single package design, 
combines an AC constant speed induction motor, eddy-current 
coupling, and electronic control. Standard modifications provide for 
the addition of electrically operated fail safe friction brakes, or speed 


reducers with numerous gear reduction ratios. 


Fractional Horsepower Ajusto-Spede Drive power is taken directly 
from 115/220 volt, single phase or 220/440 volt, 3 phase lines. 
Sizes are ij, Vs, Y2 and % horsepower at 1600 RPM; |, % and 
1 horsepower at 3200 RPM. 


Friction brakes for quick stopping or fast cycling operation are 


furnished in two capacities—1'/> and 3 pounds feet of torque. 


Gear reductions with 10 ratios between 5-to-1 and 100-to-1 are sup- 
plied with 1600 RPM Ajusto-Spedes. 


STANDARD 


WITH 
FRICTION BRAKE 


WITH 
SPEED REDUCER 


Ajust a-S. nede 
Aduantages 


Constant torque speed range: 25 to 1 
with either 1600 RPM or 3200 RPM 
Ajusto-Spedes. 


Control accuracy: 2 per cent of top 
speed at any point within the speed 
range. 

Minimum wiring to power line. 


Remote “one knob" control operation 
up to ‘00 feet. 


Rugged plug-in type integral one- 
tube electronic control. 


Permanently sealed grease-packed 
bearings. 


For more detailed information, write for your free copy of the 
Dynamatic Fractional Horsepower Ajusto-Spede Bulletin, PAS-5, 
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DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° 





KENOSHA, WISCONSIN 
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IDEAS AT WORK 
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CHARLES FEGLEY, Laureldale, Pa 


VARIATIONS POSSIBLE 


bull-fa 


t Tibae bine 


hioned nylons are kuitt devi 
mtrolled b 
hhaft 
lepending upon the type 
ind style of stocking 
1c omplhi hup to 50 different mia bean 
flexibility, sin 
of these fu 
diff 
run cle 
full-fashioned 


chain moto change 
These devi (Changing 
rl 


of machin il 


ind control 


Cquir ro 
beimg knit TT down tin And th 
produ musta 

function 1 rece ir 


How It Will Be Done 
lhe new li 


cribed ul 


tiation in two or mor 


fons 1 required to produc 
Ti merit tyle being 
sketch of the 
blank how ome of th 
that Tt po ible on th 
Leneth 3 


number of cour 


| iY 


tocking 


(op I ited ly 


the job nm a few 
witrol 


1] 
all yy 


lhearage 

relative] 
rice hh irae il 
thre 


ib rulb a 


ersatile machine 
trolled by thi 
in full-fashioned 


knitting a ce ind butto 


high as $5( 


hh Hh 
l one 


ot loop wro 
fabru Width Both chain moti 
narrowing (the act in the knitting 


toward by a common 


complete ri 
vidth of thi 

ontrolled by 
of transferring 
the fabric 
produce a 
the elvedg ine 
Besice these 
facturers will 


hha 
mach 
haf 


mast 


sf lvedge loop 
width 


whe i 


ih 


center to reduc inc by the maim 
rarment 


togeth 


Coline 


form-htting new size changing 
trolled by the 
hown in | 


rol 


camed Wain 


chang hide FLLT | 


length with a t 
ifter-welt 
wx welt (the upper part of the stocl 
ing furnishing the garter portion 


of different material 


mark leg idding oul 


picot or loose in the 


} Coulis 


illustration 
and + 
control 
Thi tape 
for 
used to 
top the 


the 
ligures 3 
clectric 


unde 
usually mac 
box 
illu 
punched bh 
tart thi 


{ h Wige 


How It's Been Done tape 
to effect th ( row 
by repositioning chain 
ctting 


would 


he conventional wa 
ize changes | 
the 
which 


buttons on cham or by 


i device when tripped 
the 
number of courses, 


Actually 


main chain 
then re 


while thi 


iutomatically 
idd the 
tart the 


top opera 
rcMiiiiil 


CONTROL ENGINEERING 


114 


Chali 


hown in Figure Both 
irrangements are desct 


ind th 


Picot (a series of small holes 
made by transferring alternate 
loops to ogjacent needles / 
or loose coorse (0a row of 
slightly longer loops / to 
indicotle leg length 


Number of courses voried 
for different leg lengths 


t will not 
chon 
mothe 
Hint 


hy ripe 


ill 


Hpa 


ounte rpart 


rT 

() 

i) 
i re indexed 
t a mtrolled 
i hie 
m is also con 
motion, a 
hi pecial unit 
Oo the tocking 
mechanical 


ibed detail 


how the phot ) 


punched 
I 
trated ha 


j 
} 


| Coin 0 . 


4 


main cham and 
The next tw 

cou md thr 

t i i couUl 


ly \ irc u 











IPPFEREN 
i 
Albl 
SPEED 
PRO! 


| 


Flore narrowing 
varied for different ‘| 


/eg lengths »~ | 


Leg narrowings voried 
for different leg lengths 


Sole narrowings 
varied to indicote 
foot size 


IN A STOCKING BLANK 


REFERENCES 
PIAL SPEEI 
VIEASUREMED 


M. F. Beha i 
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changer 


Com lever “1° 





Locklever H 


Chain drum 


Solenoid “F * 


Compression spring 


Fig.1 


FIG. 1. HOW THE SIZE CHANGER IS CONTROLLED BY MAIN CHAIN MOTION 


As a chain button is indexed under the size changer con until a hole in the stop row is moved in line with the light 
trol lever on the main chain, it releases the cam lever source The photocell will now energize solenoid “KE” 
L.’, and at the same time locks the button under the which releases lock lever “J” and permits cam lever “K” to 
control lever by locking the cam lever “K”, making the operate. The main chain will index the chain button 
main chain inoperative. The cam levers “K” and “L” from under the control lever, forcing lock lever “H” over 
operate their respective pawl levers, which through pawls cam lever “L”’ and at the same time mechanically releasing 
and ratchets index their unit. With its cam lever free, lock lever “J”. On the same course, the hole will be 
the size changer will now index and will continue to index indexed, closing off the light falling on the photocell. 


Pow! A” 


Rotchet C 2 it 1 


~ 


i \ 

oy; 
Solenoid “G* .. 
IC 


Section A-B Section 








FIG. 2. HOW COURSES ARE ADDED TO THE STOCKING 


The pawl lever, with its plunger engaged in ratchet “D”, As the pawl lever is moved back 
will oscillate the ratchet as the pawl lever is moved by its the return of ratchet “D”; this will force pawl “A” up 
cam lever. Fixed to ratchet “D” is a pawl control disc on the pawl control disc and prevent it from engaging 
which has slots cut into it. Through these slots pawl “A” ratchet “C”, which will stop the tape from indexing. The 
is able to engage ratchet “C”, since pawl “A” and its ratchet will be indexed a preset number of courses, deter 
control disc (fastened to ratchet “D’’) oscillate together mined by the number of teeth covered by the control 
Pawl “A” will index ratchet “C” which will index the tape disc. When the count is complete the pawl lever will 
drum until a hole is indexed between the light source and move back, pawl “A” will fall in the slot and index the 
photo-cell for counting; at which time solenoid “G"’ will tape, which will, in turn, index the hole putting off the 
be energized, causing pawl “B” to engage ratchet “D” light falling on the photocell. This frees ratchet “D”. 


pawl “B” will prevent 
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Control Control Control Control Short section of tope Control cord blocking all punched holes in 


1 a 2 a 3 #4 tope except those essential to produce desired size 


FIG. 3. Schematic diagram of the control box. FIG. 4. Schematic diagram of punch tape and control card, 
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ts 1s CWYWPRPAK 


for more flexible industrial control 


In the flexibility of CyPAK* lies the challenge to throw out me- 
chanical relay limitations and simplify control for more auto- 
mated production. 

For example, CYPAK systems employ just four different com- 
ponent panels. They provide, in the most practical form, the four 
basic logic functions of computer science. With infinite combina- 
tions of these panels you can direct, far more simply, a greater 
range of equipment operations. 

Because the magnetic ‘‘make and break” of CYPAK circuits has 
no moving parts, it is five times faster than mechanical relays. 
It’s the basic reason for CypAKk flexibility in handling control 
signals, 

In addition, CYPAK systems are designed for physical flexibility. 
A common power channel is the backbone of each system. Into 
it CYPAK elements are plugged in, locked in, and signal terminals 
joined, In this manner, the system is easily expanded or replace- 
ments made after installation. 

Look into all the new opportunities in CYPAK 
by calling your Westinghouse sales engineer. 


Write today for your free copy of The Whys and 
W herefores of CypaK, Booklet B-6584. Westinghouse 
Electric Corporation, 3 Gateway Center, P. O. Box 
868, Pittsburgh 30, Pennsylvania, J-01005 


*Trade-Mark 


WATCH WESTINGHOUSE 


WHERE THE FUTURE /S ALREADY IN PRODUCTION! 
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Magnetized Rubber Grips in Clutch 


Fig. 3 


{} ——— 


r 
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tor remarked on the ingenious design material, each 
1 new magneti lutch (Ctl hown Ihe | ’ 

March, p 116), Industrial Control tends to straight ol ( Dal 7 ti | Jt wall 
Corp. of Chattanooga, Tenn., passed particles, forcing the material u , nf that an electro 
along a patent ipphic ition for th n they are imbedded t expand in tl na { polarit vill 
hown here Ihe item is not in pr direction of th pa between tl use expan ic axis of the 
duction, although the maker has an discs. If the particl long enough { held of the 
operating model, A type of magneti 1. rod haped each W contact posite t ’ expansion 
parti le clutch, it display in operat the discs, cocking between them to in rad h's nonmag 
ing principle ubstantially different rease the driving force than the output 
from anything going under that name I'he basic principle is not limited di re the makings of 

The magnetic particles between the to torque transmission igure 2 t h—an item in de 


driving and driven discs, Figure 1, are hows how the lineal motion of a 
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Last April (p. 55), when Mel Fu: tubes and a long, special m 
feld covered control in The Nether i tongue. ‘The unit worked 
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ind Instrument Laboratory at Delft the reflex being onditioned 
University is really going to the dogs reward ¢ meat is repre ented 
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WMeasures 


a wipe ranGE OF STATIC & DYNAMIC 
pressure of gases and other non conduct- 
ing fluids. Includes provisions for oscillo- 
scope viewing and recording on an optical 
oscillograph or a direct writing recorder. 


Determines 


Hi h 7 variations of PRESSURE, VOLUME 
y g temperature, fluid flow, expansion, ab- 
sorption, adsorption, chemical alterations, 


Sensitivity 


altitude, vacuum, etc. 


Micro-Differential Provides 
BRE SSU RE ONE MICRON OF mercury RESOLUTION 


at any ambient pressure up to 2 atmos- 
pheres. 7.5 volts output available for re- 
Mi E | FR cording at full scale differential pressure 


of 1 mm of mercury. 





Completely Self-Contained 


no accessories required 





Two-knob control for balance, 
sensitivity 
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Pressure differential moves beryl 
lium -copper diaphragm 


ane 
. fi’ | Ei This unusually simple pressure instrument is com- 
- rs (f) pletely self contained. It requires no special acces- 
am « | sories, additional equipment or trained personnel for 
WiGw operation. Merely plug this compact instrument (only 
Output applied to cathode follower 5” x 5” x 10”) into the 115 V, 60 cy. line and in 2 
to crive moter minutes it is ready for use. Two knob control for 
balance and sensitivity. 











It is an extremely versatile and truly valuable acces- 
sory for any laboratory. 











T-42 lonization trandsaucer converts Details on this new micro-sensitive meter are in 
motion into electrical signal Instrument Data Sheet 303-1, available upon 
request to Technical Literature Section. 
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IDEAS AT WORK 


Programmed Checker 


Plots Transducer 


Calibration Error 


MAX MILLER, G. M. Giannini & Co., Inc. 


Pneumatic and electric circuit changes are 
programmed automatically to record errors in 
total resistance and resistance function in two- 


potentiometer pressure transducers. 
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FIG. 1. Calibration curve of typical 
potentiometer pressure transducer 


A AAA 


RS = 
vwvvevwuwwque™- 


FIG. 2. Schematic diagram of pressure 
transduce vith two potentiometer: 





EXTERNAL FIELD REDUCTION OF 10 TO 1 is measured, above, using a formers, is a static-magnetic regulator, has no moving parts and requires no 
magnetic pickup coil and a meter. The housing cover ia removed exposing the manual adjustments or maintenance. It provides automatic, instantaneous 


terminal board. Thia new stabilizer, like all Sola Constant Voltage Trans voltage regulation within +1%, even with primary voltage swings of 


New Sola Constant Voltage Transformer 
Reduces External Field by 90% 


An improved Sola Constant Voltage Transformer usually magnetic shields may be eliminated 
design retains all the advantages of the Sola CV principle : 
while providing a 90%, reduction in external field and up rhe new housing has a smooth overall contour which 
» 53%, lighter weight. minimizes dust accumulation. It is finished in attractive 
gray hammerloid. 
In applications employing “‘magnetic field-sensitive”’ 
electronic equipment, such as high-gain audio circuits, The new Standard Type Sola CV transformer is avail 
the new Sola CV design offers important advantages able in 3 capacities—250, 500, and 1000va. For specifi 
Cathode ray tubes——high-gain amplifiers—— microwave advice on your particular application, contact your Sola 
plumbing may be mounted close to the transformer; representative listed below. 


bos . ~ Write for Bulletin CV-170D 

LA Conttand me SOLA ELECTRIC CO. 
yr ne 4633 W. 16th Street 

TRANSFORMERS . Chicago 50, Illinois 


i “ah og nid apres TRANNPORNeN for Regulation of Electronic and Electrical Equipment @ LIGHTING TRANSFORMERS for Al! Types of Fivorescent 
| and Mercury Vapor Lamps. SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Iilinois, Bishop 2-1414 © NEW YORK 35; 103 E. 
125th S?., Yaoteloor 46-6464 * PHILADELPHIA; Commercial Trust Bldg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58, Mass., 

5 4.3354 @ CLEVELAND 18: 9036 Gould Auxs., PRnpect 1-6400 @ KANSAS CITY 2, MO.; 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23; 
nindiogad Bivd., ANgelus 9-943) © TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 


iat ~ - - _ tn §< ee —~ —_ 
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IDEAS AT WORK 
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Block diagram of automatic calibration checking system 
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NEW Size 8 servo combination 


rivals Size 9 performance 


Here, no bigger than your thumb, is the smallest prac- 
tical servo control motor currently produced. Com- 
bined with Transicoil’s new Size 8 motor driven 
induction generator, and powered by a new completely- 
transistorized servo amplifier, this motor offers you 
the unusually high torque-to-inertia ratio of 28,000 
radians/sec’. 

Compared with a Size 9 control motor—until now, 
the smallest practical unit available—Transicoil’s new 
Size 8 measures only 0.75 inches in diameter, 10% 
smaller, and weighs only 1.4 oz., 40% lighter. Yet it 
operates on standard voltages from 26 to 52 volts, and 
52 volts with center tap, at 400 cps, permitting push- 
pull transistor application. 

Hence, just as Transicoil’s introduction of plate to 
plate wiring eliminated the transformer, once neces- 
sary in servo systems, the Size 8 units and transistor 
amplifiers mark another milestone in miniaturization. 

This is just one more example of how Transicoil can 


Size 8 Motor Driven Induction Generator 
and Transistor Amplifier. All units of the 
Size 8 system have been designed for 
maximum performance in minimum 
space. 


solve your control problems whether they involve 
miniaturization or control complexity, and go on 
to manufacture systems and components of the 
utmost precision and accuracy. You pay only for 
results—on a fixed fee basis for equipment deliv- 
ered and performing properly. 

Technical data on the new Size 8 combination 
and the transistorized amplifier is yours for the 
asking. But you'll end up with a better system if 
you write outlining your servo control problem. 


TRANSICOIL CORPORATION 


Worcester, Montgomery County - Pennsylvania 
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IDEAS AT WORK 


Hydraulic Valves can have 
Low Tolerances and High Stability 


The usual servo-controlled valve requires exceptionally close 
tolerance manufacture to give stable operation. A simple 
change in valve design eliminates most of the sources of error, 
and reduces required accuracy of manufacture. 


FRANKLIN F. OFFNER the pilot valve be t is i ib fT — 
Offner Electronics Inc. Bae Ne ‘lot valve Lit, : cc t 
Regulating systems frequentlh ll seal off mpl tely im | — ) | \ - 

ploy Cr operated hydraulic ve ition, | pt , ; yn 4 
in which the controlled fluid . 
ime as working medium of thy 
tem \ typi il exam pl of such 
tem the fuel control of aircraft 


turbine engine Here, a pilot val point” flow ' mticipated; ju 
much w ( 1 n manuta 


Fig. 2 


| | 7) 
Miltsdll 


rar v1 msequ 

problem Thu con iderabl 

, 
controlled by electronic or mechani 
means acyusts the position of the fu 


valve to hold the d red engin peed 


turing tolerance 


If the pring has a vei | i 
P, may is a first approximation | 
nsidered constant Then Kquat 


Precise op rat ot uch ystem 
usually requir t a fixed position gar 
vf the pilot val espond to th | shows that the drop icross the leah 
rest po tion f th ry valve \ 4 path im the pil t ilve between 

It1O 0 r eCTVvO 

y rere ' ‘ a CTVO 
typical system is illustrated in Figure high pressure line and the 
1. The inlet pressure to the valve is constant. On the other hand 
P tl discharg pressure P 


» will ul 
wide limit usually from near 


P,, and the discharge pressure, 
are the working pressure for the “4 

pil it valve When the stem of the Fr. to practh ully eae Ph 
pilot valve is so set that ervo pressure uh pilot aga 5 
P,, plus the pring pressure, P,, abo 0 fo 10 
the valve piston, 1 equal to P,, the too 

valve will be tationary hat i 3 nt that th 


' ; t continuall 7c WIT O equal 
) ) ) 


maintain the two | ) seniatel 
Even for a stationary piston posi 1 requirement if there 
tion, there will be continual flow ast th rvo_ piston is | 
through th pilot valve With a valve ith a ylphon ealed valve 
1S hown in. Figur ] there will maintain a fixed differential of | 
iniiy be continual leakage past 1 requirement if leakage past the p 
the throttle piston This must be ton must onsidered Thus th 
mpensated by flow through the cutral” position of the pilot val 
ot valve But even if there wet itl » change with dischars 
leakage past the throttl piston pre j y have unde 
wuld still be flow through results. Ih rbine sper 


A simple design change 





chan 


in the me sary 
evi engine control 
Wh il | 
rs only on the discharge ici clearat rie | in thou 
of Figure 2 meters on both the ndtt I i, witl r stabil 
ind dischargs Although sing 


vermitted 


JUNE 1956 123 





NEW PRODUCTS 


1- 5 Designs of the Month 41-47 Detectors 


LISTING IN GROUPS 


6-18 Control Components 48-57 Numbers Machines 
19-34 Torque Sources 


58-60 Power Sources 


35-40 Timers & Relays 61-63 Test & Recording 


SOLID-STATE. circuit transforms de. 


In goes low voltage dc, out comes high voltage d 
from a new series of standard and special model solid 
state circuits. Inside, semi-conductors and saturable 
reactors chop the input into square waves, transform 
it to a higher voltage, then rectify it. Sizes range from 
? to 1,000 watts. ‘To estimate the bulk of one of the 
circuits for a particular application, allow approximately 
1 cu in, per watt at 6-volt input. As the arrangement 
is current-sensitive, higher or lower voltages have a pro 
portional influence on the size (¢.i., 12-volt input cuts 
the size in half, 24-volt input cuts it to one-fourth). 
Inputs range from 1,5 to 60 volts, and outputs from 
1.2 to 20,000 volts. Some of the encapsulated units are 
sold without the final rectifier stage, to provide 60- or 
400-cps square-wave or sine-wave ac power, Regulation 
to within 0.1 per cent can be attained, and mpple is 
normally held to within 0.003 per cent.—The Interele 
tronics Corp., 2432 Grand Concourse, New York 58, 
N. ¥ 
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SUPERSMALL transistor for amplifiers. 


Philco claims 20 of its latest PNP transistors can be 
placed on a dime. The M-1 alloy-junction transistor is 
now going into production for the guided-missile, heat 
ing-aid, and portable-radio market. Typical of the sort 
of assemblies made possible by the tiny welded-seal 
device is the 70-db gain amplifier (power gain of 10 
million) shown here. The maker claims it will tolerate 
20,000 g vibrations. ‘The germanium wafer in the little 
component is about the size of a pinhead. Leads are 
soldered to a dot of indium on each face of the wafer 

Government & Industrial Div. of Philco Corp., 4700 
Wissahickon Ave., Philadelphia, Pa. 


Circle No. 2 on raply card 
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Saturable 
Goting « Toroidal core core Briage 
elements transformer reactor rectifier 








Regulator 
/tage reference 




















Saturoble 
Gating or ‘ reactor 
elements 





IN NEXT MONTH'S ISSUE The facts on \mpex new modula 
magnetic-recording components for all phases of data handling and sy 
nals from de to 100 kc. Tape speeds are from 1§ to 60 ips. A complet 
14-track system occupies only 734 in. of rack height 


NEW SIMPLICITY for Cypac components. 


\pproximately a year after they wer 


Cypac switching-circuit components are being offer 
plug-in form for increased mechanical ruggedn TT 
ease of use. The basic approach is the same: the us 
magnetic and semiconductor elements in control 

uits normally constructed with relay Plug-in simpli 
ity in the new presentation adds a few new twists. Each 
of the 3-by-2-bv-2-in. cartridges has terminals on both 
upper and lower face Phasing of each unit (one of 
the important variables in the magnetic-circuit dé 

is reversed simply by turning it around and plu 

the other end in. The logic function of each modul 
printed on its case to case circuit assembly.—Westi 
house Electric Corp., 401 Liberty Ave Box 
Pittsburgh 30, Pa 
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COMPUTER gets differential analyzer. 


The inclusion of a digital differential analyzer with 
their general-purpose computer moves Bendix to call 
the new product an all-purpose computer. The differ 
ential analyzer is said to simplify programming proce 
dure for the solution of linear and nonlinear differen 
tial equations, and a library of specialized subroutine 
is available to enable inexperienced personnel to prepare 
problems. An electric typewriter provides direct input 
ind output from the machine. Input or output opera 
tions can be initiated by a single command for as man 
is 108 words and there is no halt of calculation opera 
tions. Auxiliary equipment includes up to four ma 
net tape units, each « ipable of 300,000-word storage 
graph plotters and followers, etc.—Bendix Computer 
Div. of Bendix Aviation Corp., 5630 Arbor Vitae St 
Los Angeles 45, Calif 
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NEW FEATURES dress up ALWAC. 
Phe ALWAC IIL] i low-cost, medium peed digi 


tal omputer, is now in quantity production with 
rroup of new improvement Che machine can repeat 
equences on numbers stored in different parts of 
nemory without changing the form of the imstructi 
Only one program tep is m ded to set the pe 
diting register which modifies the addre ving 
time formerly required to change instructions in 
que nce he fore u Ing th Mi avail The ime register 
is an automatic tally for repetitive sequence 

Another new feature: the machine picks up two in 
structions simultaneously, permitting the second instru 
tion to be carried out as soon as the first is finished 
without a second reference to the drum.—Logisti 


Research, Inc.. Redondo Beach, Calif 
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COUNT 


uscan ATOMIC 


totalizer or pre-set 
counter for complete 
control 


Aromic produces the widest vari 

ety of standard counting models available 

lecade or duodecade types speeds 

up to 2000 ¢.p.s. for controllers, 20,000 

cp.s. for toralizers single or dual 

totalizers with up to 

t-digit capacity provide real versatility 
for production control 


preset counrers 


Functional Plug-in Strips, used 
in Atomics equipment, provide com 
plete instruments for specialized require 
ments eliminating costly ‘custom 
design charges. Strip construction, using 
low-current, low-heat glow transfer tubes 
simplifies circuitry provides thou 
sands of hours of reliable, trouble-free 
operation 

Plug-in replacement of strips 
eliminates costly downtime keeps 
equipment operating at full production 

If your plant methods include 
unit counting, controlling output by pre 
set totals or measuring linear or liquid 
flow, you'll find interesting reading in 
Atomic’s new Counting and Control Sys- 
tems Catalog -—for your copy ask for 
Catalog B-15 


vincipal citiee—U.S, & abroad 


+-ATOMIC 


INSTRUMENT 
COMPANY 


84 MASS, AVE CAMBRIDGE 39, MASS 
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CONTROL 
COMPONENTS 


MINIATURE CAPACITORS 
Although only 4 in. in diam and 4 in 
long, the little capacitor 
is rated at 12 mfd. ‘The 


ae Vice ire aid to 


hown here 
new tantalum 
ntain a solid 
dry electrolyte and to represent 
“major breakthrough” im thi 
ture capacitor field heir stability 
| iid to rate with the best oil papel 
apacitor rather than with the 10 
times-larger paste electrolytic A tem 


Tinh 


perature range of from minus 132 to 
plus 185 deg F will make only a 5 
per cent change in capacitance \ ilue, 
ivs the maker. It’s called the type 
150D.—Sprague Electric Co 97 Mar 
hall St., North Adams, Mass 


Circle No. @ on reply card 


RANDOM PULSE GENERATOR 
Completely 
random pulse generator shown her 
delivers pulses at a controlled rate 
from 10 to 1,000 pps. Complete with 
its own batteries, the littl 
ment has an output of from 5 my to 
5 volts from 100 ohm Universal 
Atomics Corp., 19 I ‘Sth St.. New 
York 17, N. ¥ 


Circle No. 7 on reply card 


transistorized, the neat 


instru 


VOLTAGE REGULATOR 
An improved twin triode f ta 
regulator service dissipates 13 watts 
per plate. Called the ‘Typ 98, it 
recommended in pl of the ‘Typ 
6AS7G or the 6050 There is no 
rid current in the 599 vhich has a 
transconductance of 14,000 microm- 
hos, and a mu of 5.5.—Chatham Klee 


trom Livingston, N. J 
Circle No. 8 on reply card 


PRINTED CIRCUIT ASSEMBLER 
Lhe fully Autofal 


ut component issembler has been 


utomatn printed 


compacted and redesigned | emi 


1utomatic operation. The procedure 
for changing fixture dimensions in the 
ewing-machine-sized Autotab Short 
Run Assembly Machine has been sim 
plified to where a production run of a 
few dozen boards 1s economical. ‘The 
that the single-head hand 
fed tool can be modified in | than 
different 


Leads are trimmed befor 


maker says 


minute for omponent 


ind board 


insertion and crimped to hold each 


omponent im place [he new tool 1 
115-vac ind 60-lb il! 


] 


and handles cylindrical com 


powered br 
pr ur 
ponents ranging from to | in 
long and from 4 to #4 in. in diam. 
Mechanical Div. of General Mill 
Inc 1620 Central Ave Minne ipoli 
13, Minn 
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PM SIGNAL GENERATOR 
For calibrating I'M rece: 
ignal generator offers output range: 
of 0 to 30 ke and 0 to 250 ki 
its band of 27 to 230 mc. Frequency 
deviation accuracy is said to be better 
than 5 per cent of full scale at 1,000 
cps.—New London Instrument Co., 
In 35 Union St New 
Conn 


through 


London 
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TAYLOR 


rah sc s08 ‘LA YOURSELF 
_— INTHIS 














...and ask yourself these questions 


Is scanning and logging, as | understand it, Where can | see this unit in operation? 

economically justified ? We cordially invite you to come to Rochester to see this com- 
Perhaps not, if you're thinking just of mechanical logging of plete data collecting system in operation, because we believe 
all variables, which gives little more than an accurate historical that its many unique features do make it economically justified, 
record of what has happened. But the new Taylor TRANS-SCAN- 


Your Taylor Field Engineer will be glad to make the necessary 
LOG System makes the operator more than a score-keeper. It 


arrangements In the meantime, write for Bulletin 98266. laylor 


enables him to instantly visualize, evaluate and act upon every Saaememmane ¢ par a . , p , 
u 4 4ottipanics ocnest ‘ ar oronteo anacda 


processing irregularity as it occurs — without leaving his desk 
in front of the panel. 

What effect would the TRANS-SCAN-LOG System have on 
my control room space and operator requirements ? 


It will take approximately 60% of the space normally required 
by a standard graphic panel without scanning and logging 
The compactness of this “intelligence center” enables oper- 


ator to supervise a greater percentage of the process. Because 


the scanalog and lagging equipment is on iovegral part ofthe MEAN ACCURACY FIRST 


process control, one operator can identify and correct any off- 
normal condition, as well as having a continuous trend record. 





NEW PRODUCTS 


NYLON FITTINGS 
A line of tube fittings ranging from 
to 4 in. features a design which 
requires only one part tor eac h tube 
joined. ‘Tcmperatures from minus 70 
to plu 295 deg I ind pre ures to 500 
psi are withstood by the Zytel Miracle 
hitting Ihe Jaco Mfg. Co., P. O 
Box 2659, Cleveland 7, Ohio 


Circle No. 14 on reply card 


PUBE FITTINGS 

New fittings for copper or aluminum 
hydraulic tubing are attached simply 
by inserting the tubing and tightening 
i nut. Sizes range from 4 to 4 in. in 
brass.—Fort Wayne Dy; of Th 
Weatherhead Co., Fort Wayne, Ind 


Circle No. 412 on reply card 


ELECTRONS. INCORPORATED 


127 3 AVENUE 


NewArRK 3, N. J. : ‘ , IMPROVED RESINS 
4 wih lype y \ new famil f potti 
Io Larcker Luly is offered for 


rn gw UtsAAr 


att tsignt 
ind Compone nt 
PF Randac R-40¢ 
It keeps it charact 
ck rik. ind set nf 


It can be poured at 


128 CONTROL ENGINEERING 








—J 


‘oOo 


BURNED Our 
LAMPs 


ie 


TAKME A HARD LOO KK, 


at how V.WV.T.* can be causing trouble 


ind ome you will 


"Varying Voltage ‘Troubles masquerade under many name 
never hear about because they are so common they become tandard operating 
procedure” 

You'll find that a STABILINE® Automatic Voltage Regulator can end many of 
your production, maintenance and inspection “ bugs’’. STABILINES maintain con 


stant voltage to voltage-sensitive equipment. They are a sure cure for costly varying 


voltage troubles that can cause burned out motors and lamy 
out-ol hase control equip 


production rejects 


due to sluggish solenoids process recycling caused by 
ment electronic tube failure just to name a few 

There is a STABILINE to meet your automatic voltage regulation requirements 
Three types are offered: Type EM (Electro-Mechanical), Type IE (Instantaneous 


STASHLING TVPE EMSZ20V. Holds Electronic) and Type TM (Tubeless Magneti Numerous standard models are 


output voltage constent ends : 
the troubles covsed by voltage available in capacities from 4 to 100 KVA, 


variations 


Be sure to see SUPERIOR ELECTRIC'S Mobile Display when it is in your area 
THe BUPERIOR ELECTRIC comrany 
Branch Offices af: 14663 Titus S ' ys, ( mia « O. Box 946, 2881 Ef e 
iW Maia Wanda a 0 606 MIDOLE STREET, BRISTOL, CONNECTICUT 


Redwood City, California « 
Biscayne Blvd. Miami 37 lorie *P x S$ Bive ' . 53 
‘ ‘ ‘ Please ha ‘ your representative call 


Roge Ave. Office #72 ppett d ' rvios “Se ; 
¢ Bidg., New York 17 . 7 Public Sq Y ) 7 4 Please send me SLINE Kulletin SS Cj 
P, . , 


entice St, ® 


THE 


SUPERIOR ELECTRIC 
COMPANY 
BRISTOL, CONNECTICUT ’ Zom 
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NEW “aan 


ACTUAL SIZE 


0.01 ounce-inches 


PRECISION 
POTENTIOMETER 


Jewel bearings for lowest torque, and superior seal against 
surroundings that contain abrasive dust, make this new, Model LLT % 
Waters pot the ideal unit for high-reliability service where minimum 
torque 1s essential, With torque low enough to permit actuation by a 
Bourdon tube or a bimetallic thermal element, this potentiometer 
offers new advantages in sensitive-instrument applications as well 
as in computer, servo, and selsyn uses 
specifications 


. Check your needs with these 


Maximum torque: ' 
Dissipation: one watt at 80° Centigrade 
Resistances: 100 ohms to 100,000 ohms 
Weight: Ya ounce 
Outside diameter: 0.885 inch Body depth: % inch 
Linearity: 0.5% standard; on special order, 0.25% 
Winding angle: 354” standard; on special order, 360 
Ganging: to six decks with no increase in diameter. 


0.01 ounce-inch 


Where the features of a ball-bearing potentiometer are desir- 
able, specify Waters Model LT % “Lo-Tork” potentiometer. 

Write for data sheets on jewel-bearing and ball-bearing pre- 
cision wire-wound potentiometers. 


Do you ever need pots that are “just a bit different’’? 

Maybe we can help you — by modifying a standard 

Waters design or by taking a bold, new approach. Tell 
us your need and we'll tell you what we can do. 


WAT ERS" ites nea 


APPLILCAT ENGINEERING 
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nd a clear rsion 
PF R-4059 is design 
perature ipphi ition a 
ble in the cured it 
PF R-4053 is ther 
This means that 
vithout a mold 
ippli ition 
tion Co In 
York 7, N. } 

Circle No. 13 on reply 


REGULAR APPLICATIONS 
4 


COrPte® CiAd ’ 
LAMINATE Of r 
METAL PANE: | Yj, 


PRINTED CIRCUIT APPLICATIONS 


1! orrte 
LAMINATE On 


Mma AL Pane 
SS 


J 


PRINTED CONDUCTOR 


PRINTED CIRCUIT 
INDICATORS 
| hie good looking litt 
hown here are design 
printed-cir ult-wired in 
[hey mount on 
0 to be placed on 
Bulbs for the tiny light 
res ranging from | 
Component Co 


Northridge, Calif 
Circle No. 44 on reply 


RUGGEDIZED THYRATRON 
A new type 2050W th I 
fered for industrial u \ 

rating 1s 1,300, current 


itures includ 





Now Get Precise Heat Process Control 


DEPENDABLE DETECTION of hea 
elp you avoid costly product 
plete line of thermocoupk 


tor 


G-E PYROMETERS 


PRECISE INDICATION of temperatures « 


ntrol of product 


tir r | ’ r Ilir 
i £ in) itrol B } 


1 
Lalit 


G-E CONTROLLERS 


FOR FURTHER INFORMATION on G-E thermocouples, pyrom 
eters, and potentiometric recorder-controllers, contact your nearest 
G-E Apparatus Sales Office or write Section 587-5, General 
Electric Company, Schenectady 5, N. Y 


Progress /s Our Most /mportant Product 


GENERAL @® ELECTRIC 





NEW PRODUCTS 


5-114 RECORDING more in use than 


all other 


photographic-type at titent eeepe 
OSCILLOGRAPH oscillographs combined, © Liningston “ 
ircle No. 415 on reply card 


First used in 1948 since then Ihe 5-114 has crashed in test plane 

thousands of instruments pur yet yielded intact records, accurate up 
chased more in use today than to the very moment of impact. Data in 
all other photographic-type re such cases have been invaluable in 
cording oscillographs combined tracking down the cause of failure and 
I hat's the story of Consolidated’s in redesigning the aircraft. (And the 
famous Type 5-114 Recording oscillographs have still been good for 
Oscillograph the most de years of additional flight-test service!) 
pendable, thoroughly proven For the story of the world’s favorite 
data-recording instrument in the oscillograph, write today for Bulletin 


world today CEC 1500C-X5 
POROID ‘TRANSFORMERS 
Input impedances up to 370 k with 
little phase shift are said to be typical 
for a new line of tiny transformer 
offering ratios from 100:1 to 1:1: 
Armold Magnetics Co Of Smile 
Dr., Culver City, Calif 


Circle No. 16 on reply card 


CONTROL THYRATRON 

Ihree new 6.4-amp negative control 
thyratrons, GL-6807, GL-6808, and 
GL-6809, have maximum negative 
control grid voltage before conduction 
of minus 250 and during conduction 
minus 10. ‘The new tubes carry pin, 
flexible lead, and spade lug terminal 


They all operate at lower tempera 
tures than the GL-5545, which the 
upersed lube Dept. of General 
Electric Co., Schenectad\ N. ¥ 


Circle No. 47 on reply card 


18 or 26-trace capacity ond paper or 
film recording spee ds of ¥%”" to 115” 


per set ond Spec ial accessory marazines 


for recording up to 1000 ft. without reload eal 


ing; other magazines offer recording speeds 

up to 500" /second ... galvanometers PRINTED CIRCUIT KIT 

Printed circuits, dials, nameplates, o1 
greeting cards are possible application 
of this neat silk-screen kit. They 
say that a resist pattern (a pattern 


Consolidated Electrodynamics that resists etching acid) can b 


CORPORATION economically run in batches from 3 
formerly Consolidated Engineering Corporation to 10.000 or more (although 


available flat to 3000 cps. 


we su 
300 North Sierra Madre \ illa, Pasadena, California pec t that the contents of the kit wil 

ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL give re before then 

resist ink, squeege, ind du Pont s 


Sales and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago Dallas : 
process film and chemical 


Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D. ¢ 
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Now Leslie brings you this New 
NO MAINTENANCE* Reducing Valve 


Only 2 moving parts 


LOADING PRESSURE 





HERE IS AN AMAZINGLY SIMPLE air loaded, diaphragm 
operated, pressure reducing valve that is virtually 





maintenance-free for steam heat or proce team 
application. 

Only two moving parts and no seals, no stuffing boxes, 
no small dirt-catching parts practically nothing can 
get out of order! And a stainle tee] hardened main 
valve with highly polished finish minimizes wear 
This new Leslie valve instantly feels the effect of any 
flow change and responds to changes as small as 0.1 psi 
It can be adjusted easily from minimum to maximum 
of reduced pressure range from a remote point, even a 
thousand or more feet away 

This valve is used in steam process and heating lines 
And, its uses are unlimited for an team reductions 
within body material limits (250 psi, 450° F) 


This shows simplicity of Leslie 
Class G-1 pressure reducing valve 


Ask your Leslie engineer to tell you more about this 


amazing valve. He’s listed in your classified directory 


under “Valves” or “Regulators” 


*guaranteed no maintenance for 3 years 
Send for Bulletin 561 today 


|ESLIF) REGULATORS ano CONTROLLERS 


LESLIE CO., 211 GRANT AVENUE, LYNDHURST, NEW JERSEY 
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Simply push, then tighten! Anyone can quickly install all-new, lightweight 
Intru-lok tube fittings ... the proven Parker 3-piece flareless design. Just in- 
sert the tube, then tighten the nut with a regular wrench .. . for a leakproof, 
vibration-proof joint. Made of brass for copper or nylon tubing. Send for com- 


plete details in Catalog 4324. 


Introducing easy-to-use 


PARKER INTRU-LOK 


For soft plastic tubing you use knurled 
nut and expander insert with new Intru- 
lok body. Joints can be disconnected and 
reassembled, Complete details in Catalog 


4324. Send for it. 





Weld-lok fittings, for extreme temper- 
atures, corrosion conditions . .. machined 
from high-quality steel or stainless bar 
stock and forgings .. . " 


through 2” O.D. 


for tubing %4 


TUBE AND Hose FirtinGs Division 
Section 415-W 
The Parker Appliance Company + 17325 Euclid Ave., Cleveland 12, Ohio 


Par 
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ker 


Hydraulic and fluid 
system componente 


NEW PRODUCTS 


truction booklet 

If you can p 

will enable vou to sill 

the maker 1 hniqu | 


( tral Ave Hacken k, N. J 
Circle No. 18 on reply card 


TORQUE 
SOURCES 


SMALL 60-CPS SERVOMOTOR 
A case 14 in 


60-cvcl 


in diam houses a nev 
ervomotor sold with eith 
hysteresis 1 
Ihe maker sells standard gear trains 
to go with them.—Globe Industric 
Inc., 1784 Stanle Ave Dayt 
Ohne 


mduction-type tor 


Circle No. 419 on reply card 


ROTARY SOLENOID 
Any degree of shaft trav 
to 60 de Vv or CWW, In | 
mall as | deg plu th 
in desired torque 

iwi: feature of 
Outputs up 
provided by th 
Shaft is f 
motion, and rated for a m 
Intermittent ind ontir 


ul olenoid 


lb-in. are 


ciidih device 





panel board 
ie oe ee 


mixing tank 


Baldwin electronic SR-4”° system 


controls chemical process to +14% accuracy 


Closed loop control of this chemical plant's mixing 
process is provided by an integrated Baldwin SR-4 
system with a maximum degree of accuracy and 
repeatability. 

lo add the correct amount of each ingredient, the 
Baldwin indicator controller automatically opens 
and closes supply tank valves. The controller 
receives its signals from three Baldwin SR-4 trans 
ducers which weigh each ingredient as it is added 
to the batch. Load cells install conveniently just 
below the mixing tank. Baldwin load cells are 


instantaneously responsive, have no moving parts, 


require no maintenance The mixer is timer ac tu- 
ated. Lights on the panel board show cycle stage 
at all times 


You can have a Baldwin SR-4 electronic control 


system, specifically designed for your requirements, 


for any application involving weight, pressure, 


tension, torque or thrust. We engineer the entire 
system and calibrate it as a unit, to guarantee you 
maximum accuracy. For your copy of our general 
bulletin 4300, write Dept. 2652, Electronics & 
Instrumentation Division, BLH 


(or poration, 
Waltham, Massachusetts 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN - LIMA - HAMILTON 


Aust Westerr . Eddy ; 
trumentatior e Madse 


jard Steel Work 





EXPLOSION-PROOF 


Crescent® 


Valves 


Weight of typical 2.” Four-Way 
Valve is only 9 pounds. 


® 4-Way and 3-Way Solenoid 
operated, pilot controlled 
valves for Air, Water and 
light oil to 150 PSL, prod- 
ucts of Crescent Valve Co. 


Weight of typical %)” Three-Way 
Valve is only 6% pounds. 


NO COIL BURNOUT 


because a generous power margin, short solenoid travel and 
pilot operation combine to prevent overheating and over- 
loading. Note that these valves are accepted and used in 
ordnance plants where the need for safety and dependability 
does not permit coil or valve failure 


LONG SERVICE LIFE 


Main valve design is aimed at extremely long trouble free 
service. Resilient seats are tight sealing and are not affected 
or damaged by dirt or grit because they are of a self 
scavenging design. Witness their superior performance in 
the severe service in dusty environment of chemical plants 
and flour mills 


INTERCHANGEABILITY 


Solenoids and pilot sections are interchangeable from one 
valve size to another, minimizing spare parts requirements. 
Adaptation to any practical voltage is achieved by a simple 
coil change 


Speed of response, speed of installation and dependable leak- 
proof operation year in and year out are responsible for the 
increasing switch to Crescent valves on production machinery 
where time is money. 


For complete data write for Catalog 6-C. 


BARKSDALE VALVES 


5125 Alcoa Ave., los Angeles 58, Calif. 
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models for most dc voltages are avail 
able.—Pacific Solenoids, Inx 208 
Standard St., El Segundo, Calif 


Circle No. 20 on reply card 


CONTROLLED SPEED 
The new products shown here deliver 
constant rpm within 1 per cent at any 
clected speed from 30 to 16,000 rpm, 
regardless of load and wide fluctua 
tions of line voltage and frequency 
(he motor is a 400-cycle induction 
type, delivering about 5 oz.-in. torque 
WacLine, Inc., 35 §S. St. Clair St., 
Dayton 2, Ohio. 


Circle No. 24 on reply card 


SERVOMOTOR-TACH 

A top speed of 19,600 cpm at a tem 
perature of 140 deg C is one claim for 
a new servomotor-generator combina 
tion. It uses a two-phase two-pok 
size-11 motor with drag-cup-type gen 
erator. Ilere are some of it 

> 2.85-gm-cm’ inertia 

> | .()3-in.-in-diam max 

> 4.6-07 weight 

 26-volt 400-cps input 

P generator linear to within 

to 5,000 rpm 

It’s called the typ MG 

onic Div. of John Oster Mfg 

cine, Wis 
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14-IN.-IN-DIAM DC MOTORS 

A line of new miniature de motors can 
be supplied with series and split wind 
ings (the latter for reversibility). ‘The 
maker has gear reducers, governors, 





Now 
available 
for 


exeveleael | 


UBS .%. 


The “% watt resistor so in demand 
it’s been restricted to critical 


military applications OUTSTANDING FEATURES 


A fixed composition carbon resistor, the 
rYPE BTR combines superior electrical © 30% lower in weight and 25% smaller 
in diameter than IRC's famous TYPE BTS 


and mice hank al « hara¢ teristics In a Size 


that permits important space and weight e Wide range of resistance values—82 
savings. More than 700,000,000 have ohms to 22 megohms 


already been used in proximity fuze 


e Ex ent protecti against humidit 
guided missiles, and other critical mili cell profection agai u y 


TR and temperature effects 
tary application Lise sITR and you 


can be sure of the same quality—the © Good temperature, frequency, and load 
same characteristics which enable the life characteristics 

rIYPE BIR to exceed MII tandard 

for this type of resistor. Send the coupon 


today for full data. 


Voltmeter Multipliers « Boron & INTERNATIONAL RESISTANCE CO 

Deposited Carbon Precistors « Dept. 181, 401 N. Broad S1., Philadelphia 8, Pa 

insulated Composition Resistors « \ 

Power Resistors « Controls and 

Potentiometers «+ Low Wattage 

Wire W dseGer 4 Diodes Send Technical Bulletin with complete dota on 
TYPE BIR Resistor 





in Canada: International Resistance Co., Lid., 


Toronto, Licensee 





Nome. 


Precision Wire Wounds « Ultra HF Compony——___ 
and Hi-Voitage Resistors + Seleni- 
' . Insulated C ones Address. 


City 


JUNE 1956 





138 


Factory 
pre-setting assures 
high accuracy ... 
eliminates costly 
pre-installation 
adjustments 


AntCt cvcriinc jnane 


The accuracy of a cycling timer depends on the exactness of the cam 


TIMING 


— 


1scCRSS 


CONTROL 


settings. If any one of the driving cams is incorrectly set, even to the 
minutest degree, the over-all program pattern or sequence of operations 
is changed. 

Cramer cycling timers are normally supplied with all cams pre-set 
to customer specifications on special calibration equipment like that 
shown above, This pantographic principle, in effect, produces a sixteen 
time enlargement of the cam, permitting extremely close setting ac 
curacies, 

While these timers can be adjusted in the fleld, factory setting as 
sures highest accuracy and eliminates costly pre-installation adjustments 

This is but one of the many Cramer customer services designed to 
provide greater product usefulness and satisfaction at lower cost 

For full information about Cramer Cycling Timers, write for new 
Bulletin PB-510. 


28: £6 4.4.6.8 8 9 @ 
The R. W. CRAMER CO., Fae. 
BOX 46, CENTERBROOK, CONNECTICUT 
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and brakes to fit if desired.—Globe In 
dustries, Inc., 1784 Stanley Ave.. D 
fon + Ohio 


Circle No. 23 on reply card 


400-CPS MOTOR-ALTERNATOR 
\ source of 400 cps, three pha powe! 
from 500 watts to 5 kw) for those 
with 60-cycle mains is the object of 
a new line of motor alternator: Then 
voltage regu 
lator will hold output to within 2 per 


cent, with near 4 s¢ 


magnetic-amplifer-ty pe 


recovery time 
l'requency regulation is 406 to 41 
evel Ihe Hertner Electric C 
12690 | Imwood Ave levelan 
Ohio 

Circle No. 24 on reply card 





SYNDUCTION MOTOR 
\ new type of 
bines features of the standard induc 
tion and synchronous motors. Siz 
rang¢ ie from } to 40 hy I re 
from lO te 18) 
deve lop a Ni 
ynchronous speeds the 
exhibit 175 to 200 per cent of rated 
torque. Onc this spe 


electric motor com 


quenci 5 ranging 


cvcle have been 


new motor 


ippli ition for 
ics Of motor 1s In systems requiring 
1 large number of motors hel 
perfect synchronism The 
commutator 

source of dc _ excitation.—All 


mers Mfg. Co., Milwaukee I, Wi 
Circle No. 25 on reply card 


slip rings, 





JPL... an Established Center 


of Research and Development 


4 At this time we are partic ularly 


interested in interviewing 
graduate engineers and scientists 
in the fields of aerodynamics, air 
craft structures, mechanical engi 
neering, chemistry, chemical 
engineering, heat transfer, elec 
tronics, systems analysis, electro 
mechanical instrument design, 
instrumentation, metallurgy, 
nuc lear physics and solid State 
physics 

These men should be definitely 
interested in scientific research 
and development relating to the 
problems of the future. 


CALTECH 





| he Jet Propulsion | aboratory is a center devoted entire ly to scientili 
research and deve lopme nt. Its prime objective is obtaining basic informa 
tion in the engineering sciences r lated to missile devel pine nt ind to 
explore the various phases of jet propulsion In addition a large share of 
its program is devoted to fundamental research in practically all of the 
physical sciences 

Ihe Laboratory extends over more than 80 acr n the toothills of 
the San Gabriel mountains north of Pasadena. It is staffed entirely by 
personnel employed by the California Institute of Technology and conducts 
its many projects under contracts with the U.S. Government 
ipled with ideal 
facilities and working conditions have naturally drawn entists and engi 


Exceptional opportunity for original research 


neers of a very high caliber. These men, working in harmony, are building 
a very effective task force for scientific attack on the problems of the future 
An unusual atmosphere of friendliness and cooperation is apparent 
at the “Lab” and newcomers soon sense the warmth of their acce ptance 
New advanced projects are now providing sore ch Hien 
and good jobs for new people 
If you would like to de ve lop your skill and knowl 


and, at the same time, he Ip us solve some of our proble m 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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(; \| Servo Motors...) | sew erooucrs 


IC TIMING MOTORS 

\ standard escapement allows a d 
motor power to travel through a sp 
cihed distance in a specified time 
thereby attaining overall timing 
curacy to within 0.1 per cent, regard 
less of load variations or line variations 
of 20 per cent The little instruments 
weigh only 7.5 oz and are offered with 
1 variety of gear boxe [he A. W 
Havdon Co., Waterbury, Conn 


Circle No. 2G on reply card 


ICSHCTME at 65 degrees below zero SCyrARY S08 ENOEDS 


Compact casing keynotes design of 


; : 1 new series of rotary solenoids. Con 
Proved in other environmental tests tinuous and intermittent 115-va 
models with rotations ranging from 20 
; ; to 60 deg offer torques in the range 
Guaranteed to meet all mil. environmental specs, of 12 in Tbs All aoe! in the new 
{00 series are totally enclosed—Lee 
tronics, Inc., 30 Main St., Brooklyn, 

‘Torture tests in this low temperature chest N. ¥ 
at G-M are only one of the ways G-M Circle No. 27 on reply card 

makes its servo motors prove themselves. 


GOOD REASONS WHY 
G-M SERVO MOTORS kach G-M servo motor must conform 


SERVE YOU BEST! to military specifications exactly —for alti- SMALL MOTOR 

tude, high and low temperatures, vibra- About the size of a grapefruit, a new 
G-M servo motors are avail tion and shock, humidity and salt spray. ippliance motor offers 1,550 rpm at 
ome in danderd dizes And because G-M sper ializes in the from 1/250 to 1/15 hp quietly and 
G-M servo motors can be manufacture of servo motors rather than conomically, says the maker.—Red 


modified to meet specific cir servo systems, you can be sure each motor mond Co.. Inc., Owosso, Mich 


will have the optimum characteristics Circle Mo. BB on reply card 
under this same condition for you. 


cull requirements 


Creative engineering in de 
signing special servo motors 
with special characteristics 


Fast production—better Write Now for G-M charts, 


service 
specifications and performance data 


5. 
No obligation, of course. thw, 


Pe@CeQoeeoo Coco sees ee eeeeeeeeeeeeCo 


y 


(i-M Serve 10 Motors | 


wed by the Co Gear trains with outputs ranging from 


G-M LABOR ATORIES INC. 6 to 1,275 rpm are supplied with new 


+00-cps, 115- or 26-vac size-11 servo 


4340 N.K A Chica 41 , 
aa — motors. Backlash can be kept to 30 
min. The motor’s stall torque is 0.63 
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MISSILE WEAPON 
SYSTEMS PLANNING 


The successful development of advanced missile weapon 
systems demands a high order of creative planning 

and coordination between scientists and engineers in virtually 
every field. Individual efforts must fit smoothly into 

group progress covering a span of years. 


At Lockheed Missile Systems Division, regular planning 
conferences coordinate the progress of weapon systems 
development — from initial operations research and systems 
analysis to operational use. 


Significant new activities at Lockheed have created 
openings for those able to contribute to group efforts of 
utmost importance. Please address inquiries to 

the Research and Engineering Staff at Van Nuys. 


WEAPON SYSTEM 


PERA 


Systems Analyst Jobe Jenkins (standing) 
discusses planning on a new weapon 
systems project with research and 
development personnel involved in initial 
development activities. From left to 
right: E. A. Blasi, antenna; G. D. Schott, 
flight control; W. D. Van Patten, 
command guidance; Jenkins; H, R. Senf, 
electronic research; W. F. Main, radar; 
Dr. J. J. Dulin, electronics systems 
analysis; E. V. Stearns (back to camera), 
advanced systems design 


Sudkbeed 


MISSILE SYSTEMS DIVISION 


research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION 


VAN NUYS * PALO ALTO+*+ SUNNYVALE 


CALIFORNIA 





| NEW PRODUCTS 


oz-in., and its no-load peed is 6,200 


What's YOUR 
1° . rpm. G-M_ Laboratori Sas 430 
WN Timing Device N. Kaos Ave, Chicgo 41, 1 


Circle No. 29 on reply card 


Requirement 3-IN. SERVO MOTOR 


A 400-cps servo motor the 

thumb is now on the ma 

craft measurement and 

tems. Priced at $160 list 

phase machine has a n 

near 20,000 rpm, and a stalle« torqu 
of 0.11 oz-in.—General | t ( 
Schenectady, N. ¥ 


Circle No. 30 on reply card 


A TYPICAL 
EXAMPLE 


Series 7010 
Elapsed 
rime 
Indicator GEARMOTOR LINE 
A new line of gearmotor 
ductors has been ann 
gearmotors will hand] 
the reductors to 60 hp 
gearmotors run from 
292:] Ihe reductor 
THE RIGHT MOTOR « « « unusually compact, ittached motors using 
fully enclosed mechanism, controlled lubrication, Phere is a 28-pags 
simple, accurate and dependable, operates in any with full specification 
position. for the line.—Linhk 
PR, 307 N. Michi \ 
THE RIGHT DESIGN .. . for any application 1, mM 
because you can select from the full line of Circle No. 31 on reply card 
HAY DON STANDARD interval timers, time de- 


lay relays,cycle timers,and elapsed time indicators 


THE RIGHT FACILITIES ... because HAYDON 
has the fully integrated engineering and manufac- 
turing facilities to produce and deliver quality on 
time . . . economically ... in large or small lots. 


THE RIGHT SALES SERVICE .. . because 

the HAYDON Field Engineer in your area is a 
Timing Specialist fully qualified to counsel you 
He’s listed in your Yellow Pages. Have him come 
in to discuss your requirements . . . or, if you prefer, 

write to us direct. 
*Trademark Reg. U.S. Patent Office 
PENSION CONTROI 


Adding a lip attachn 


HAYDON ninhature Vectromagnet rch 
ela te a A Subsidiary of General Time Corp ult 4 = 2 dev ice for controlling the 
/ ‘ INGTON tension of wire, thread, film, ete It 





in exert from O te LD 


wt asta | MAYDON Manufacturing Company, Inc. ee we eee. B 


TEMING | 2330 1m street, rorrinGTON, CONN. N. J 
Circle No. 32 on reply card 





142 CONTROL ENGINEERING 





putting IDEAS | to work—research at IBM 


® Merry-go-round: Automatic magnetic torque balance, accurate to 


0.0006 inch-ounce, used to measure magnetic anisotropy of memory 
core materials. IBM Bulletin No. 100. 


Trigger Happy Transistor: Used in place of a thyratron, new tran- 


sistor permits high-speed switching of large currents by a low-power 
electrical pulse. IBM Bulletin No. i01. 


Incubator Hatched: Tube elements spaced 1/5000 of an inch apart; 
assembled in the Very Clean Room. 


For bulletins, write to Dept. SA6, IBM, 590 Madison Ave., N.Y. 22, N.Y. 


Merry-go-round 


Adding “memory” to machines is no 
longer a scientist's fancy. It is a fact. Ac 
tually, this ability to “remember” is the 
ability to “recall” information previously 
entered into the machine. One of the 
latest and best ways of storing informa- 
tion utilizes the now familiar small, 
rugged, reliable magnetic cores. Each 
letter or numeral is stored in a kind of a 
“Morse code,” where a dash is repre 
sented by one direction of magnetization 
and a dot by the other. But, to employ 
cores more effectively, the 1BM Research 
people are studying a number of very 
basic things having to do with ferrites. 
One of these is magnetic anisotropy 
which involves the continual measure 
ment of the minute torque exerted in a 
magnetic crystal by a rotating external 
magnetic field 


TORQUE CURVE OF APPROMMATE (0) O18 OF 
Fe, 0, AT ROOM TEMPERATURE (SAMPLE VOLUME « 0.0100) 


To increase the speed and accuracy of 
measurement of this property, Ralph 
Penoyer, of our Ferrite Materials Re 
search Group, has developed an auto 
matic magnetic torque balance that is 
accurate to 0.0006 inch-ounce, and a! 
lows the direction of the magnetic field 
to change through a 360° arc in one min 
ute. Obtaining and plotting such data 
was, by standard methods, a laborious 


time-consuming process. 


Full details describing the device, cir 
cult diagrams, method of operation 
calibration and accuracy are available 
in IBM Bulletin No. 100, Write for 


your COpy 


Trigger Happy Transistor 


Everybody is talking about transistors, 
But, certain problems are not readily 
solvable by the use of conventional tran 
sistors. A typical problem ts that of pick 
ing up a relay with a transistor controlled 
by microsecond pulses. So Richard Rutz 
of our Semi-Conductor Devices Research 
Group, took a long look at transistor 
possibilities in this case The result: The 
IBM X-4 Transistor. This new type per 
mits high-speed switching of large cur 
rents by low-power electrical pulses. It 
operates with a turn-on time of two ten 
millionths of a second and a turn-otl time 
ol one-millionth of a second; experi 
mental models have been made to switch 
currents as high as 15 amperes 

You can find full scientific data on the 
X-4, its construction, electrical charac 
teristics, and circuit applications in IBM 
Bulletin No. 101 


aL0Y ANCTION CmrTTER 


f POT CONTACT COLECTOR 
j 


J J, 
4/4 
16M %4 THYRATRON TRANSISTOR 


Laboratories at Endicott, Poughkeepsie and Kingston, N.Y., and Son Jose, Calif 


DATA PROCESSING - ELECTRIC TYPEWRITERS - 


TIME EQUIPMENT + MILITARY PRODUCTS 


Incubator Hatched 


Dirt. dust and moisture are death to deli 
cate electrical devices. In our experi 
mental component assembly room 
which we call the Very Clean Room 
at our Poughkeepsie Research Labora 
tory. we've eliminated the scourves. How 


do we keep the Very ¢ lean Room clean? 


( lean, temperature- and humidity-con 
trolled airs tothe room keeping 
the pressure ie reater than outside 


I heretore, w! one ent from the out 
side no dirt « th him. As a turther 
precaution, | t wear a lintless nylon 
lab coat over lothing. Dr clean 
compressed nitrogen replace compressed 


air to blow oft irticles of dirt that may 


’ 
accumulate ¢ in assembly. Since a great 
deal of work in this room is done under 
microscom th wire as small as one 
sixth the dia ter of the average human 
hair, contro itmospheric conditions 


are vital 


lo learn mm oul career opportun 
ties available at 1BM, write, describing 
M. Hoyt, 1BM 
Madison Avenue, New 


your back eround. to: W 
Room 2606 YW 


York 2 \ 
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PHASE ANGLE-MINUTES 





REE orleans 
SLE ae Ome 


100% 


if you work with position servos... 


HERE'S HOW TO LICK 
QUADRATURE 


with the vernistat* a.c. potentiometer 


If you work with position servos, you 
have had problems with quadrature 
The tighter the servo loop the more 
serious unwanted voltage due to phase 
shift can be 

Quadrature problems are tremen 
dously simplified and more accurate 
servos are possible when you use the 
Vernistat. Although it contains a trans 


SPECIFICATIONS OF MODEL 2B 


Linearity Tolerance 

Minimum Output Voltage Increment 
Electrical Rotation 

Mechanical Overtravel (each end) 
Phase Angle (at 400 c.p.s.) 
Excitation Frequency 

Output Impedance 

Input Impedance 

Maximum Input Voltage 


former, the Vernistat has extremely low 
phase shift. Phase angle is less than 1.6 
min, at 400 c.p.s. in most systems 
Che Vernistat is an a.c. potentiom 
eter that combines high linearity and 
low output impedance. Size and mount 
ing dimensions are designed to the 
BuOrd size 18 


sy hro. 


specification for a 


+ 0 05% 

0.01% 

3494 

45° approximately 

1.6 minutes, maximum 

20 to 3000 c¢.p.s 

less than 130 ohms 

65,000 ohms, minimum 

130 V. at 400 c.p.s. or 

20 V. at 60 c.p.s 
"TRADEMARK 


vernistat division 


PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 


144 CONTROL 


ENGINEERING 


NEW PRODUCTS 


SERVO MOTOR 
Little over 1’ in 


nper iture 


in diam 
CcTvo oft 
ninimum life of 1,000 h 
C. Here are some of it 

P 115 volts 400 cp 

P stalled powel drain 
stall torque 0.4 07 

FP no-load speed 7,200 
P weight OZ 
Servomechanisms, In 
Westbury, L. 1, N.Y 


Circle No. 33 on reply card 


SMALLER MOTORS 
\ new line of frame siz 
to 4 hp range is said to be 
ind lighter than 
Century Electric Co., 15! 
St. Louis 1, Mo 


Circle No. 34 on reply card 


in iller 


TIMERS & RELAYS 


SEVEN-DAY ‘TIMER 

\ new time switch has seven 
pendent daily programs, cach 
from 1 to 6 contact closur Sprit 
wound ivailabl 

of the conventional yn 
General Control 


inde 
with 


motors are 


drive 
11] 
Circle No. 35 on reply card 


LOW-DRAIN ‘TIMER 
Originally developed f 
trumentation, a new ligh ight 
motor and cam switch-type timer op- 


erates on 6 vde with an 8-ma drain, 





An invitation to 


engineers who can 


qualify for large, 


liquid propellant 


Rocket Engine development 


Electrical and 
Electronic Engineers 


For work on: 


CONTROLS. Power distribution, unit sub-stations, 


switch-gear, protective devices, control circuits, 


and relay circuits. 


SERVOMECHANISMS. Automatic feedback control 
systems using single and multiple loop systems, 
circuit analysis using Laplace Transform Meth- 
ods; digital and analog computer analyses, and 
magnetic amplifier control systems. 


INSTRUMENTATION. Digital data systems, mag- 


netic core circuitry, statistical application, 
magnetic amplifier, vibration studies, and in- 
strumentation development 


TESTING. Design and operation of instrumenta- 
tion systems consisting of tape recorders, 
electronic pulse counting equipment, recording 
oscillographs and electronic recorders used in 
testing large rocket engines. Also design and 
operation of large electrical prime movers used 
in the development of large rocket engine 
pumps; and electrical control consoles used in 


static testing of large rocket engines 


DESIGN ENGINEERS + RESEARCH ENGINEERS 
DEVELOPMENT ENGINEERS + TEST ENGINEERS 


For detailed information, please fill out and mail the coupon below 
f p 


There is no obligation, and all replies are strictly confidential 








ROCKEIDYNE 


BUILDERS OF POWER FOR OUTER SPACE 








Mr. A. W. Jamieson 
Engineering Personnel Dept. 596-CON 
ROCKETDYNE, 6633 Canoga Avenue 


Dear Mr. Jamieson 


Please tell me more about eer at f KETOYNE 


My name is 


Home Address 


-_ o_o oo ee ee ee ee ee es oe 


—— = oo oe oe ee ee ee ee ee ee ee ee ee ee ee ee oe oe oe oe ol 
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offers 





350A DIRECT 
WRITING 
RECORDER 


The 550A Recorder introduces 

such a marked improvement to + 
the field of direct-writing record 

ers that its advantages can only be realized by testing it in you 
application 


A free trial will enable you to compare the wide frequency ee 
(DC to 900 cycles) the unique, direct-writing method that 
provides immediate magnified monitoring of the 8-channel recording 
the five recording speeds (1, 2, 4, 8, and 16 cm/sec.) 
the exceptional clarity of the high definition trace and the 
convenience of the permanent, compact records offered by the 
lacquer-coated, 35 mm. acetate film. No inks to worry about, no 
photographic development to delay investigations, and the recordings 
can be magnified up to SOX in standard microfilm or slidefilm 
projectors 
Request your free trial of 550A, Direct Writing Oscillographi 
Recorder with wide frequency response laboratory precision 
and rugged construction for field testing. Absolutely no obligation 
We will arrange a demonstration of the 550A and you may use 
the instrument on a free-trial basis to compare in 
your own application 


Write today for the ALI 
Handbook of Instrumentation and 
the Oscillographic Recorder Brochure 
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ind at peeds accurate to within | 
per cent despite a voltage variation 


of 50 per cent. Contact arrangement 


ire 4 spdt.—Brailsford & Ce Inc 
70 Milton Rd., Rve, N. Y 


Circle No. 36 on reply card 


32-POSITION SWITCHES 
A new line of low-cost rota vitch 
measures 13 in. sq and has from 2 to 
32 positions per deck. Additional 
deck idd @ in. to the length. Con 
tacts are rated at 5 amps, 125 va 
Switch plates are made of Silicone-Fi 
bergla Shallcross Mfg. Ce Collin 
dale, Pa 

Circle No. 37 on reply card 


SENSITIVE RELAY 
Sensitivity to 80 microwatts in the 
face of 10 g vibrations is selling point 
of a new sealed relay. It’s 23 in. tall 
Ihe Liquidometer Corp., 36th St., 
& Skillman Ave., Long Island Cit) 
N. ¥ 
Circle No. 38 on reply card 


MERCURY-WETTED RELAYS 

A new series of multi-eclement rela 
switches up to a quarter of a kilowatt 
They operate in 5 millisec with 
watts coil input Maximum rate of 
operation is 60 cps. Life of over a bil- 
lion operations is claimed, with con 
tact arrangements up to 4pdt.—C. P 
Clare & Co., 3101 Pratt Blvd., Chi 
cago 45, Ill 


Circle No. 39 on reply card 
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AUTOMATI 


ROTATI® 


data on a ( | vebs that “ 

M1 118) PRINTED CIRCUIT | VOLT-OHM MI 
1utomati port , tional Resist ( | *haostron Instt 
114) ¢ \ ‘ \ heet. Discu te fe ted log sheet. D 
PUMPIN¢ Milt Lon | ircuitry (flurc 
paper ¢ | th k Miltor per Feature 

\ 4 absorption 
icids, alka 
WIRE-WOl 
R 
instrument vi 
115) GROWN DIFFUSED TRANSIS potentiometer 
PORS | | t In | | within it 
DLS 619 | I | ich ( values range fro 
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amplify el ‘ | over Mfg. Co. Bullet 
ind will llate \ ind engineerin 
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NEW PERIODICAT 
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ort ilve i ngk 


in pipe and two double-solenoid 
vith 4-n. pipe and the other with 
All pilot-operated, all with 
ure of 25-1 psig 
34) CONTROL GEAR. Muirhead & 
Ltd. (England). Bulletin 7730-B, on 
Describes an hydraulic relay and 
nit, which together form a 
up stabilization Three con 
tre ( rmine dither and adjust tl 
lay | pressure 40-115 psi 
13 AMPLIFIERS & ACCESSORIES 
Weston Electrical Instrument Corp. Form 
14, 20 pp. These “note over two d 
fluxmeter n 
product resolving 


1 


amplifier ontrol unit 
tizing amplifier 
nd photocell range network 

1 3¢ x-¥ PLOTTER-RECO 
Librascope, Inc. Bulletin, 8 pp. I 
data on tv basi t 
ince inputs, the other for 

put Stat } ract 

aynamic a i it n 

137 COMPUTER COMPONENTS 
Libra ope In Bulletin 


trates ten electrical and 


RDER 


model } 


ponents for comput Ive line spe 
13 ROLLER BEARINGS. Link-Belt 
Co. Book 2658. 8 pp Dimensions of 
iligning bearings and procedure for thei 
clection take forefront here, with applica 
tion id load rating 1 close econd 
Selection formula hown in use 

139) POWER SUPPLIES. NJE Cor 
Technical data file. Spx on more than 
100 stock models deal with high voltag 
low current; zero-lag low lt hig] 
urrent, and standard. an bor 

Methods of rat 

ince also covered 

140) MANOME'TERS. ‘The M 
Bulletin G-1 +p 

liquid level ind 


plate supplic 


strument Co 
for pressut 
and flow ire grouped i ording 
ign U-tube traig] lt 
ind inclined tube W orking 
range from. 15 to 2,000 psi 
SURFACE MEASUREMENT. M 
il Me Co Form Lt 1} 
n of an American Standard 
tandard”’ defines t 
of roughne " 


ot-mean-squal! mad 


Profilometer ding 
TANK MIXING EDUCTOR 
& Koerting ( B tin Suppl 
M ne sheet. De | 

rgcd-t p< liquid et edi 

re r iron p 

14 SELECTOR VALVES 

Products Ce Data sheet lel 


i olenoid-t pe unit that 


in any direction, operat p to 


ind at iid to hand! er cen 


ther flows than iwentional model 


i if 
144) WATER AND WASTE TREAT 


Milton Roy (¢ Technical pape 


MEN'I 


64, 6 pp. Discusses typical tems that 


t 
n mtrolled-volum«e pt mp to neter 


vater treatment chemicals and slurries, a1 
trates best use for them 
DELAY LINE PACKAGES. Ce 
r ntrol ¢ Technical Marketn 
Inc lea ove! 
packag. 
ine f 


( 


or 


tu 


continuously or one segment at a time; suppose ez 


- 


= , Ke 
alternation (or pulse) applied to [} a motor 
Fd 


advanced the switch exactly . 


coul d 


one step; 


‘ 


pulse it as fast as 


suppose you 


t 
100 counts per second. 


YOU CAN 
with the 


SIGMA 
CYCLONOME 
STEPPING 
MOTOR 





mtr »>duced 
Counter where, h 


counts to x figure From there, 


my! 
re } tt ; ) x NaC hes 


uses range all the way 


eeeeeeoeeeeeeeeeeneeeeeeneeeeeenevreeee eee eneeneaneaeeeaeeeneaneee 


CYCLONOME® STEPPING MOTOR SPE f 


‘ww 
Mon. speed, stepping 
Mon. speed, synch nous 
. 
TRADE MARE 


? ris 1s w~ wert iy in OuR ABORATORY 


THE SWITCHES ARE T REGULABLY FOR GALE 


SIGMA INSTRUMENTS, Ine. 


69 Pearl Street, So. Braintree, Boston 85, Mass. 
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Three New 
AC Servo 


Types 


Available.. 


STANDARDIZED 


SERVO SYSTEMS 


AND OTHER 
STANDARD TYPE 


S 


FOR AUTOMATIC 


CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag- 
netic amplifiers are 
available for appll 
cations involving 
automatic control. 


~ CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF 
THE GENERAL 
CERAMICS 
CORPORATION 


CONTROL 


A 
(ey 
2 
wr 
4 


4 


agnetic 
mplifiers 


INPUT NO. | 


INPUT NO. 2 


md 


@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 


Supply: 115 volt 400 cps. 

Power output: 3.5, 6, 10, 18 watts 
Sensitivity: | volt AC 

Response Time: .03 sec 

Lowest Cost — Smallest Size 

For further information requeft Form $493 


@ MAGNETIC PRE-AMP + 
HIGH GAIN MAGNETIC AMPLIFIER 


Supply: 115 volt 400 cps. 

Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 

Response Time: .008 to .1 sec. 

Highest performance — All magnetic 

For further information request Form $496 


e TRANSI-MAG®*: TRANSISTOR + 
HIGH GAIN MAGNETIC AMPLIFIER 


- 


Supply: 115 volt 400 or 60 cps. 

Power output: 2, 5, 10, 15, 20 watts 

Sensitivity; .08 volt AC into 10,000 ohms 

Response Time: .01 sec, 

Fast response at high gain 

For further information request Form $499 
(400 cps.); Form $497 (60 cps.) 


MAGNETIC *TRADE NAME 
AMPLIFIERS - INC 


Telephone: CYpress 2.6610 
632 TINTON AVE., NEW YORK 55,N. Y. 
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NEW PRODUCTS 


LONG-LIFE SNAPPER 
Here are the claims for 
iction switch 

P10 million cycles lif 

> 1(0-amp contacts at 1] 
> 350 to minus 100 deg | 
Phe BM-12,000 ts d 
miniature in size Acro 
16, Ohio 


Circle No. 40 on reply card 


Mite. ¢ 


lumbu 


DETECTORS 


HI-TEMP THERMOSTAI 

\ new adjustable high-t 
nap-action-type thermostat id in 
two ranges: from 600 to 1,900 deg I 
ind from 600 te t00 | \ 
ra of within | f | ent 
full range is 
is 10) 


of 
tul 


claimed. It 
Dal Ci 


in. long.—Frankl 


Mill St., Akron, Ol 
Circle No. 41, on reply card 


SPEED-CONTROL SWITCH 
Thi r of litt] naj t ; 
fugal-force operated vitcl 


urat I 


Ttha? 


( peratin i 
lhe ire 


re ror 


used as mot 
I to indi 
of important blowe1 
Size is Ive in. in di 
neering Products, In 
Bedford, Ohio 


Circle No. 42 on reply card 


LOW-COS1I 
A littl 
crated 
tatu 
manufacturer 


LEMP CONTROI 
nap-achon tem eratur 
ottered 1 therm 
control for origin juipment 
l‘empet ture etting 
10 to 350 deg F 
it 120 va 


witch 3 


range from minu 
Contact ratings 
Spencer Thermostat D f Met 


& Controls ¢ orp., Atth MM 
Circle No. 43 on reply card 
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---the ens " d UNIVAC 


Science has unlocked a vast new frontier walk, Connectic: 
the limitless areas of space, man’s most daring modern facilitic 


and intriguing exploration yet. Leading in the | pl available for y« 


race to conquer these new worlds are Amer vy ing in a charmin 
ican scientists and engineers .. descendants located on Long 
of the “not-so-long-ago” pioneers who devel recreation and 
oped our great country. tinue on a rou 
The scientists and engineers at Remington Rand Uni- there are excellent education facilitic 
vac are leading the field and are part of the team that At South Norwalk we have ims 
Is se ig ‘new standards for others to follow.” Mechanical and Electro-Mechanica 
Because of these great new opportunities many open bachelor’s degree in Engineering 
ings have been created at our laboratory at South Nor design background may substitut 
Men selected will do basic prelit 
out of small mechanisms. Work 
opment of original ideas and the abil 


analysis to design proble ms 


Send complete resumé to 


Remington. Mand Univac. 
DIVISION OF SPERRY RAND CORPORATION 
Attention Mr. A. L. Crable 
Wilson Avenue ¢« South Norwalk, Connecticut 


c 


® Registered in U. S. Patent Office 





| NEW PRODUCTS 


Variable Voltage Control for 
MCC CM ACSC CCTM thombsved timh dapliras 


transducer uses a b 
1 50 mv max out 
tecl ce I 

from 0 to 15 to U to 

lut Natural frequen 

North American Instrum 

+20 North Lak« \ 

alif 

Circle No. 44 on reply card 


fTACH GENERATOR 
115 volts 60 cps excitation 

uit a tachometer generator for 1 
trial servo It can be mountec 
the rear of the maker's l-, 5 

itt servo motor Output 1 


NEW Adjust-A-You aa 1,000 rpm.—Diehl Mfg. Ce 


derne Plant, Somerville, N. J 
Type 1oOOBU Circle No. 45 on reply card 
variable transformer 


You no longer need to use inefficient, 
awkward rheostats for variable A-C 
voltage control of 50-100-150 watt ap 
plications. ohm, is said to be its mak fy 
You get all the top performance char excursion into the pressure transduce 
acteristics of a variable transformer field. Output is proportional to alti 
with the new Type 100BU Adjust-A-Volt tudes from 1,000 to 20,000 ft 
This highly efficient, compact, toroi the use of both absolute and diff 
dally-wound control unit smoothly de ential pressure elements. Each « 
livers any desired voltage from zero to ment’s pot has dual functions a 
line voltage or above, Sturdily built to 
give years of service, Type 100BU fea ment’s tange.—Component 
tures LoRes alloy plated brush track | Fairchild Controls Corp 
and exclusive brush-holder design Ave. Hicksville, N. ¥ 


Exclusive Adjust-A-Volt Brush Holder Design Features ae Tee ae On any eune 


Specially designed stop Extra long brush spring 

prevents brush holder gives free action — uni- 

from engaging winding form pressure from full- THERMISTOR KIT 

h brush j . ; ; 

pletely sali somianeedl bret to ngtresh, Three new thermistor kits priced from 

burned-out transformer. $9.95 to $39.95 are offered with in 
tructions on their use in temperature 
correcting networks, etc.—Thermist 


Corp. of America. Metuchen, N. ] 


PRESSURE POT 
\ new pressure transducer, using 
istance elements of from 2 k t 


\ir speed readings of from 
590 knots are also within th 





Circle No. 47 on reply card 


Write for 18 page Adjust-A-Volt Catalog and full data on NUMBERS MACHINES 
Type 100BU, or contact your local distributor. 
PULSE BURST MAKER 
New pulse burst and single-] 
erators produce mic! 


STANDARD ELECTRICAL PRODUCTS COMPANY pulses of any number after 


ing input pulse. Power source 
2239 £. THIRD STREET * DAYTON, OHIO, U.S.A. an aa ae tnd ante 


volts into 25 and 100 ol 
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DIRECT WRITING eeareeinnallt 
WITH PHOTOGRAPHIC ADVANTAGES! 


guectROGRAPH MODEL 42, 


You rbshed For This! 


ELECTROGRAPH OFFERS THESE FEATURES 


ONLY THE REVOLUTIONARY CENTURY 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 


The greatest advancement in the technique of mul 
ti-channel oscillograph recording in over 20 years, 
the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 


combined with light-beam galvanometers 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording when planning your instrumentation 
program whether for research, engineering, test, 
quality control, process control, or any other 


analog recording requirement 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


E(( 


Te Century Electronics & Instruments, Inc. 
ie 


1333 NO. UTICA, TULSA, OKAHOMA 


lor further information 


our nearest representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL: BARCLAY 7.0562 


NY NEW ENGLAND AREA 
239 46 NORTHERN BLVD 
LONG ISLAND CITY 1, Y 


MIDWEST AREA 
363 W. FIRST ST 
DAYTON 2, OHIO 


PHILA WASH AREA 
4447 N BODINE ST 
PHILADELPHIA 40. PA 


TEL: MICHIGAN 4.1822 TEL: STILLWELL 4-7120 TEL: FULTON $292 TEL 


TEXAS WN OM. AREA 
5526 OVER ST 

5. TEXAS TUCSON, ARIZONA PASADENA 1. CAL RPEOWOOD CiTY 
EMERSON 6716 TEL: 7-150) TEL: RYAN 1-966) 


ARIZONA AREA SO CALIF AREA NO CALIFORNIA 
3686 BAKER PL 40 $0. LOS ROBLES 27015 €L CAMINO REAL 


EMERSON 68714 





6 Jefferson Ave 


HARTFORD 


i) Pyrex 
ENS: 
PETG 


are 
Specified 
in 


AIRCRAFT RADIO CORPORATION'S 
R-30 ADF RECEIVER 


The Hartford Pyrex Glass Balls you see 
in the capacitor assembly gong diagram have 
important multiple functions that could pro 
vide the answers to similar problems with your 
product. Hartford Pyrex Balls are specified for 


the following reasons — 


@ Dielectric constant of 4.9 at 60 cycles 
@ Ability to withstand shock 


@ Surface smoothness of balls within 8.0, 
In. R.M.S. important to both mechanical 
and electrical operation 


Dimensional uniformity of balls within 
0005” important to critical air space in 


function of receiver 


Coefficient of thermal expansion of 
0,00000184 In./in./'F 


If your product requires precision balls, re 
tainers, of bearings made to your specifica- 
tions — consult Hartford Engineers — and 
specify Hartford quality. 


tford 


PRECISION BALLS + 
BEARINGS 
HARTFORD STEEL BALL CO., INC. 
W. Hartford 6, Conn 
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NEW PRODUCTS 


See last first 
product for a omplete 
on the item hi Jacob 
ment Cx Sethe da 14 Md 


Circle No. 48 on reply card 


new 
tors 
Instru 


PULSE 
| Wo 


puts ranging 


GENERATORS 


new pulse generators offer out 
millimicrosecs up, 
with repetition rates up to 100 ke. 
Pulse widths range 


to 100 microsec 


from 


from 0.05 
Allen B 
Laboratories, Inc., 750 


Ave., Clifton, N. | 
Circle No. 49 on reply card 


TICTOSe’ 
Du Mont 
Bloomfield 





INTERVAL TIMER 

Intervals from 0.01 to 111 sec in 0.01 
steps are possible with a new instru 
ment which, says the maker, uses RC 
circuits for timing but 
errors to voltage 
drift through unique 
Hunter Mfg. Co., 930 § 
lowa City, lowa 


Circle No. 50 on reply card 


basic avoids 


due and 
circuitry. 


Linn St., 


variations 


NAVIGATION COUNTER: 

A numerical navigation readout pro 
vides the words “left” and “right” in 
addition to numerical indication. The 
words pop up whenever the count 
goes through the zero point.—Durant 
Mfg. Co., 1929 N. Buffum St., Mil 
waukee 1, Wis 


Circle No. §1 on reply card 


FREQUENCY COUNTER 
Counting intervals range fro1 

1 new glow-tube frequi 
which will | 

inputs up to 60 ke. Inputs may ran 
from 25 my to 120 volts.—Hupp In 
trumentation, 2119 Sepulveda Blvd 
Los Ange les 25. Calif 


Circle No. §2 on reply card 


to | sec in 
indicator 


DELAY LINE: 

l'apped every two micros i 
delay line offers a total delay of 
ec with an impedance of 400 
ind a rise time of 4p ( 
nents Div. of Litton Indust: | 
S. Fulton Ave., Mt. Vernon, N. Y 


Circle No. §3 on reply card 


1i¢ A 
200 p 
ohm 


ompo 


add ow auliac xe 
ADD-SUBTRACT COUNTER 

An externally applied 1] 
volt input will make this sma 
ter count 


COU 
up O1 down Readout 

either in binar\ 
staircase voltage 


coded decimal or in a 
Long-life neon bulb 
are used in a unique counting circuit 
maker. It handie up to 
50 ke inputs driven by 9 t nega 
tive pulses, and its output ipabli 
of driving a similar plug 
Controller Instrument Cr 
Que St. N. W., Washington 9 

Circle No. 54 on reply card 


savs the will 


MULTIPLEXERS 

rom 43 to 88 low tran 
ducers are sampled and their output 
voltages converted into pulse widths 


signal-leve 





multi 
13 in. long 


recording by a new 
+4-in. in diam by 
Sampling rates of 2.5, 10, or 20 rps 
ire available for inputs from 15 to 
Applied Science Corp., P. O 
Princeton, N. J 


for t ipe 


code I, 


SU my 


Box 44 
Circle No. §§ on reply card 


OQUAD-PULSE GENERATOR 

lhe Model 340 quadruple pulse gen 
having 
1 | millimicrosec nse time and widths 
varying from 0.001 to 0.1 microsec 
panel-selected) in each of four chan 


rato! produce ; squat pulses 


nels. Fach pulse can be independenth 
varied in | db steps over the range ot 
0.006 to 100 volts into the low-imp« 
dance cables. Output can be matched 
impedance from 50 to 200 
Electrical & Physical Instru 
ment Corp., Long Island City 1, N. ¥ 


with any 
ohms 


Circle No. 56 on reply card 


bKLECTRONIC COUNTER: 
Little larger than a desk dictionary, a 
new 2,000-cps indicates to 
four digits by glow tubes. As an in 
terval timer, it works with a motor and 
photocell circuit to measure in inter 
ils of 1/10, 1/100 or 1/1,000 see 
Hunter Mfg. Co., 930 S. Linn St 
lowa City, lowa 


counter 


Circle No. §7 on reply card 


POWER SOURCES 


300-VOLT POWER SUPPLY 
Housed in an attractive metal case 
new regulated power supply deliver 
300 vde at 20 to 200 ma, regulated to 
within 0.04 per cent. It also provid 

i 6.3-vde filament source filtered to 

5 mv ripple, running up to 5 amps 

Link Aviation, In Binghamton 
N, 


the 
first 
and 
last 
word in 


/ 
/ 
/ 


visual communication 


“Let's you see... 
where you can't be” 


From Farnsworth, where electronic 
television was first created over 30 
years ago, 
visual communication—Farnsworth 
Model 600A Closed Circuit Television. 
Engineered especially for industrial, 
educational and commercial use this 
compact, light and 
portable monitor is saving time, and 
money in countless applications. 
If yours isn’t one of them it will pay 
you to get the facts from Farnsworth 
today. 

Write Dept. CT 656 for 

complete details. 


comes the last word in 


weight camera 


ENGINEERS ... 


There is a fabulous 
future at Farnsworth 
in a wide range of 
electronic projects 
for defense and in- 
dustry. for details, 
write Director of 
Employment. 


FARNSWORTH ELECTRONICS CO. + FORT WAYNE, INDIANA 


Circle No. $8 on reply card a division of International Telephone and Telegraph 


Corporation 


JUNE 


1956 155 





Regulation in less than '/soth cycle... 








Output of typical electromechanical 
regulator. 


Output of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
same input. Actual oscillograms of 
60 cps voltage. 


Actual 60 ¢.p.s. waveform 


PLUS Pure Sine Wave Power 
CURTISS-WRIGHT LINE REGULATOR 


@ Electronically regulates x.m.s. and peak voltage si- 


multaneously to + 1%. 


Reduces typical power line distortion to less than 0.3%. 


Furnishes 1.4 KVA of distortion-free power. 


Introduces no phase shift between input and output. 


Simultaneously provides additional 4 KVA of 


£1% 


electromechanically regulated power. 


Faster recovery time (less than 
Yeyth cycle, or 330 microsec- 
onds) plus the unique ability to 
eliminate line distortion — these 
are the reasons why the Curtiss- 
Wright Distortion Eliminating 
Voltage Regulator has been chosen 
by more and more laboratories 
and production test departments. 
Besides general laboratory use, 
this line regulator provides sim- 


pler, more accurate calibration of 
meters .. . better design of trans- 
formers, synchros, motors 
easier testing of such components, 
with fewer rejects easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better a.c. com- 
puter performance . . . elimination 
of fast line transient effects. Write 
for details. 


Electronic Component & 
Instrument Sales Department 


{ EcTRO 
CORPORATION - 
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ATISS-WRIGHT , 


CARL'S 


TAOT, W 


NEW PRODUCTS 


PORTABLE AC 
A lunch-box 
tr ip prov ice 


ized case ith shoulder 
115 vac for 50 min at 
50 watts, or 35 min at 75 watt It 
weighs 94 |b and ha 1 built-in 
harger. ‘The batteries at id to re 
quire no attention, but a batt 
tion indicator is available if you must 
look after them.—Dynaseal Lighting 
Corp Hadley St.. Cambridge 40 
Ma 


condi 


Circle No. §9 on reply card 


om 


SUB-MINIATURE SELENIUMS 
Chough the 
look like 


diodes, the ire 


object hown here mav 
transistor Ol 
ictuall 
elenium rectifiers capable of carrying 
up to 25 ma and 148 volts. lull- and 
half-wave models are availab] Brad 


New Haven, Conn 


Hatin 


miniature 


ley Laboratori 


Circle No. 60 on reply card 


TEST & RECORDING 


TEMP SWITCH 


\ new temperatur 


PEST SEI 

vitch test t op 
erates in a range of trom to 1,001 
deg I to indicate opel 


tial and calibration.—Ram Meter, In 
1100 Hilton Rd., Detroit Mich 


iting lifferen 


Circle No. 64 on reply card 





8-CHANNEL OSCILLOGRAPIHI 
Designed primarily for handling an 
I output i new 
iph List 
produ 0.] 
t Input impedance i 
and response is flat to 20 eps, 
down 2 db at 50 eps fi 


t t n peak ft 


ll amplitu 


\l 
Ma 


Circle No. 62 on reply card 


FLIGHT TABLE 

Hydrauli ervos convert voltage to 
positions im a new flight simulator ta 
ble with deg of freedom. It will a 
mmodat cquipment 17 by 13 in 
basic specification 

+0, 000-deg/sec’ roll acceleration 


locit 


Y) ec max roll ve 
240-deg max di placem nt 
U,U0U-deg/sec” max pit h acceler 
nn 

150-deg / s« max pit h velocit 
90-deg max pit h di pla ement 

5 OO00-deg / s« max yaw acccieration 
125-chke g/sec max yaw velocit 


180-deg max yaw displacement 


VVVVVVseVVV YY 


servo accuracy within 0.5 deg 
intended for operation from ana 
og computer output Color ‘Televi 
sion, Inc., 920 E. San Carlos Ave 
San Carlos, Calif 


Circle No. 63 on reply card 


HIGH CAPACITY 


in very small size! 











; 


} ? ? "fF ty 





SSoooQ°EeLnes 


lacruat size! 


+ 
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NEW Acro Subminiature Snap-Switch 





@ HIGH ELECTRICAL RATING 10 Amps at 115 volts or 230 
volts A.C. or 28 volts D.C, 


EXTREME TEMPERATURE RANGE from | 550°F to — 100°F 


LONG MECHANICAL LIFE many millions of cycles, continu- 
ous duty 


DOUBLE CIRCUIT TERMINAL ARRANGEMENT 


The big feature about this little switch is its high rating. Ut 
has four times the capacity of most switches in this size. And 
temperature extremes pose no problem. The Acro subminiature 
switch will operate within a range of from + 350° to —100°F. 
Long life is assured through use of the rugged Acro rolling 
spring principle, up to 10 million cycles continuous duty. 

High rated Acro subminiature switches are your answer to 
the problem of controlling big loads in confined areas, And on 
lesser loads their excess current-carrying capacity is a good 
safety factor. Four terminal construction permits wiring 
double circuits where required. The entire unit is housed in a 
plastic case and can be adapted to any present type actuator. 
Write for literature. 


SWITCH DIVISION 
Columbus 16, Obie 
Piants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES 


JUNE 1956 





Analog Computing 
for One and All 


with GAP/R modular com ponents 
The Model K2-X Operational 


Amplifier is an octal-based 
plug-in unit which nobly 
serves as nucleus for accurate 
feed-back computing 
ie With an output of 
s) *100V the K2-X 
is priced at $24 
The K2-W at $20 
puts out an ample 
£50V_ with less 
power needed 


Model K2-P is a 
Stabilizing Ampli- 
fier used in tan- 
dem with the 
K2-W or K2-X. It” 
provides long term DC Stabil- 
ity measured in microvolts. All 
plug directly into the HK 
(shown below) or other en- 
vironments. The K2-P having 
inherent stability below 0.1 
MV is priced at $55. 


The Model HK 
Operational Amplifier in the standard ver 
sion offers 10 K2-W Amplifiers for analog 
calculations of infinite variety. A stabilized 
HK using K2-X and K2-P “paired” plug- 
ins provides greater output plus stability. 
The standard HK with 10 K2-Ws is $360. 
The stabilized HK with 5 of above “ pairs’ 
is $555 


Supplied also in a self-powered version as 
the compact Model HKR Operational Ten- 
fold, all manifolds can be purchased in 
either standard or stabilized forms or 
in other combinations. 


For rapid utilization of the HK 
or HKR, Model K- Modular As- 
sembly units are offered either 
in kit form or assembled as Ad- 
der, Coefficient, Differentiator, 
Integrator or Unit-lag Passive 
Operational Plug-ins. Prices fur- 
nished on request. 


One of the 

ny “power packages” 

rom GAP/R is the Model R-100 

Regulated Power Supply, conservatively 

rated at 100 ma, © 300VDC, and modestly 
priced at $140. 


Indicated below are two possible arrange- 
ments whereby your laboratory or engi- 
neering office can obtain a basic computing 
facility at minimum cost, 


20 OPERATIONAL 
AMPLIFIERS 
Plus Regulated Power 


10 STABILIZED 
AMPLIFIERS 
Pius Regulated Power 


2 Rs (with 20 HD We) 820 
1 8100 Power Supply 1 


2 hes (10K + 10 Pa) SHttO 
2 8.100 Power Supplies 200 


yee sine 





For more details and other information 
please write to: 


George A. Philbrick Researches, Inc. 


230 Congress Street, Boston 10, Massachusetts 


GAP/R 
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ABSTRACTS 


Temperature Control 


From ‘“Thermistor Temperature 
Control” by P, RK. Malmberg and 
C. G. Matland, Westinghouse Re- 
search Labs., “Review of Scientific 
Instruments’, March 1956. 
Developed specifically for the pre 
cise control of pressure and tempera 
ture in the vapor phase of a mercury 
liquid system, the 


temperature con 
troller 


described by the authors 
should find a host of other applica- 
tions in industry and research. In 
the application for which it was de 
signed, this controller maintained tem 
perature at 200 deg C within plus o1 
minus 0.03 deg C four-hour 
period, and within plus or minus 0.1 
deg C during an eight-day period. 


Ihe block diagram (Vigure 1) de 


over a 


3 - stage 
himiting 


amplifier 


Range 


Thermistor < 
> hy resistor 


a 

ve ined 
reference 
resistor 


> 
7 
Fine 
adjustment f 
resistor 


scribes the major stages of the ther 
mistor temperature controller. 
a thermistor (types 51A2 or 32A12) 
serves as one arm of an ac-excited 
bridge, with the temperature control 
point set by a range resistor. Since 
the thermistor changes resistance with 
temperature, any variation in te mpera 
ture will result in an unbalanced volt 
age at the bridge 
is then amplified, rectified, and filtered 


Error 


—_—=< 


Ort 





Here 


his output voltage 


thus converting into iooth di 
signal. 

At this point the controller could 
be used to turn on a heater for a time 
necessary for the controlled process 
to return to essentially zero tempera 
ture error. However, processes being 
what they are, a considerable overshoot 
in temperature could occur, minimiz- 
ing the close control desired by the 
operators 

Thus the authors added a propor 
tional-action circuit that applies a 
fractional portion of the available heat 
ing power in direct proportion to tem 
perature error magnitude Thus, as 
the error approaches the preset point 
the added heat Zero, 
or full “off”. “The range of propor 
tional action, i.c., the temperature ex 
cursion needed for a from 0 


diminishes to 


hang 


Proport ona 
Phase =F actior 
detector ; P 


s/gna 


_ 


y 


Power 


relay 


to 100 per cent fractional ‘on’ time of 
the controlled power, is adjustable 
from 3 deg C to less than 0.01 deg ¢ 
by means of a gain control.’ 

Figure 2 shows the operation of the 
proportional-action stage of the tem 
perature controller. A 
tooth is generated and compared, by 
a sensitive relay, with the error signal, 
thus turning the power “on” and “off” 
in a regularly repeating cycle of a 


reference saw 
] 


DY 


Pelerence 


= — 





A \ , 
ai mA | 


Zero 


temp. error 





fixed period. Here, the fractional 
“on” time of the controlled power 
determines the average heating power, 
and through the use of the sawtooth 
reference, depends linearly on th 
temperature error 

hus the fractional “on” time i 
initially adjusted to maintain sufficient 
heat input into the process ‘to over 
come heat losses and retain the tem 
perature at the desired level. Thi 
is shown in the middle zone of Figure 

But if the error is positive, th 
“on time is reduced accordingh 
as shown in the left zone. And simi 
larly, a negative temperature error in 
creases the “on” time, increases th 
heat input, and restores the tempera 
ture to the set-point 

Ihe article contains th« complete 
electronic schematic diagram of the 
thermistor temperature ontroller 
discusses a simple method for con 
trolling only a fraction of the t 
heater input by using two variabk 
transformers, and reviews the basics of 
thermistor-bridge design and thermi 
tor calibration for this circuit 


Dutch Distillation 


From “Response of Concentra 
tions in a Distillation Column to 
Disturbances in the Feed Compo 
sition” by Dr. H. Voetter, Royal 
Dutch Shell Lab., Amsterdam 
Presented at the Society of Instru 
ment Technology Conference on 
Plant and Process Dynamic Chara¢ 
teristics, Cambridge, England, April 
4-6, 1956. Abstract prepared from 
notes by John Tunstall, McGraw 
Hill, London. 

(he second part of Dr. Voetter 
talk was considered a major contribu 
tion to the control of distillation col 
umns. Under investigation were se\ 
eral possible control systems using a 
heavily instrumented pilot column 
With the column under manual con 
trol, sinusoidal disturbances were im 
posed, in turn, on 
> steam flow to the reboile: 
> water flow to the condense 
© reflux flow 

Using a twelve-channel proc na 
lyzer, tl 
tul listributions, fluid composition 


I flow, ind k vcr multane 


ie resulting p ures, tempera 


re irded 


, 


Ihe response speed of automati 


i I 
control of temperature and pressure 
when one of these wa ontrolled 


manual 


is examined and com 
pared with three systems in which 
both variables operated under auto 
matic control. In these system 

1) temperature was controlled by 


steam flow to the reboiler, pre 
ure by the cooling water; 


Measure 


CORROSIVE 
LIQUIDS 
ACCURATELY | 


Displacement Meters 


Now you can apply the extreme accuracy of Niagara Meters to the 
measurement of corrosive liquids. Niagara Chemical Meters of Type 
316 stainless steel offer good resistance to corrosion and can be used to 
measure caustic soda, most acids, fruit juices and similar liquids. 
Available in sizes 3 to 110 G.P.M. or in intermittent use up to 160 
G.P.M. Niagara Chemical Meters are also available for automatic 
liquid measurement and liquid flow control in hazardous or non- 
hazardous atmospheres 


If you have corrosive liquid metering problems, let us help you, 
Mail coupon today 


s of the 


: 


in September” 
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Please send me information on the complete 
line of Niagara Meter 


BUFFALO 
METER CO. 


2932 Main Street 


Liquid 

Flow g.p.m Temp 
Name 

Company 


BUFFALO 14, NEW YORK 
Address 
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New Genisco 
Accelerometer 


for airborne flight 
and fire control 


The new Model GLO Accelerometer 
is “tailor made” for use in today’s 
high speed aircraft wher 
tion measurement is required for pre- 
cise guidance and control, 

Adapted from the very successful 
Genisco Model GLH Accelerometer, 
the Model GLO is enclosed in a new 
aircraft-type case filled with oil to 
damp vibration of the parts. The 
instrument operates to specifications 
requiring the most severe vibrational 
environments 

Delivery schedules are especially 
good parts are inter 
changeable with other accelerometers 
now in high-quantity production 


accele ra 


since many 


GLO SPECIFICATIONS 


RANGE 0.1 g to +5 g's, or up to 30 g's 
with reduced damping 
DAMPING: 0.5 to 0.8 critical 
VIBRATION: MIL £5272A, PROC. I 
STEADY STATE: 30 g's on all axes 
SHOCK: MIL £5272A, PROC. I 
TEMPERATURE RANGE: 65° F. to 
SIZE: 3.4” D. by 3%,’ 
WEIGHT; 2% Ibs 


+- 180 


Dual potentiometers and caging available 


Other Standard 
Genisco Accelerometers 


~s 


Medel! GLH Medel GMO 








Model GOH Medel GMH 


Write for data, 


ee 


r 
! 


2233 Federal Ave., Los Angeles 64, California 
Reliability first 
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temperature wa controlled by 
the reflux pressure by the re 
team flow 
temperature Va 


boiler 
controlled by 
the reflux, pressure by cooling 
water 

ot tempera 
ture, both with and without pressure 


indicated the 


The frequency respons 


ontrol, major find 
ings 


1) Introduction of ure 


p! 
ontrol V 
down control in the first tem, but 
has little effect on the two other 


tems. 


trol on temperature 


2) Temperature control mig 
rease the 


trol tem 


peed of th pre 


Ihe equipment used in making 
these tests « | msiderabl 
t on the part of the men att 


the conference » twel 


voker inter 
nding 
roc 

i 

iniables can be ded simultane 

ously on the anal ' ng photo 
ilvanometers arranged in four bank 


transduce nvert the 


\ iriabl to be 


\ppropriat 
roc isured into 
ompatible nals for 
ne vave gencrator th 
psi continuou pet 


mtains an adding rela yy open- and 


yutput 


losed loop operation and a variable 


peed mechanism, I[t 1 mounted in 


it vacuat d DOr ind veoh 7 lb 
One transducer of parti ula 
est measure 


It consists of tubula 


inter 
the liquid « nceentration 
pacitor 


continu 


through which the liquid 


ously sampled. ‘The ipacitor form 


the tf 
vhich gives a measure of thi 


part of an oscillator equency of 
liquid 
constant \ frequency con 
erts the oscillator 
ignal Pemperature 
iffect the liquid diclectri 


by cooling the « ipacitor 


helectru 
output info a a 
vhich 


reduced 


variation 


Miniature Components 


From “Components for ‘Transistor 
Circuits” by the staff of “Electrical 
Manufacturing’, March 1956 
Since the advent of small-size 
sishors, 


tran 
into the 
COTMpo 


much work has gone 


development of diminutive 
nents for use im transistor circuits 
Herewith the staff of Electrical Manu 
facturing reports on the current stat 
of such components developed under 
the cognizance of the Signal Corps 
Fnginecring Labs 

This seven-page urvey details, 
with text and illustrations, a repre 
sentative selection of the components 
and their design factors. ‘The report 
will no doubt be of interest to instru 


NEW 
LIQUIDOMETER 
SENSITIVE 
RELAY... 


SENSITIVITY 
at 55 through 
VIBRATION 
500 CPS 


80-microwatts 
100°C 


10 G's from 5 to 


The new Liquidometer 
miniature magnetic amplifier 
relay, model B25041, 
features high se 
and vibration resistance 


itivity 


Designed for use in guided missiles, air- 
borne computers and circuits employing 
photocells, transistors or thermistors, 
the new 6 oz. Liquidometer relay ha 
been designed to meet the requirement 
of MIL-R-5757C and MIL-E-5272A 
The B250-1 has virtually no external 
magnetic fields. It requires no shock 
mounting 


SPECIFICATIONS 


Sensitivity: 80 microwatts from 0-5000 
ohm resistive source, decreasing to 100 
microwatts for a 15,000 ohm source 
Vibration: 10 G's from 5 to 500 CPS 
Ambient Temperoture: —55° to +100°C. 
Contact arrangement: DPDI 

100,000 operations at 2 
amps resistive 


Contact life: 


Dimensions: 114 in. diameter by 2% in. 


long 
Weight: six ounces 
For complete details, write Dept 


for Bulletin 562 


THE LIQUIDOMETER corp 


SKILLMAN AVENUE AT 36 ST.,LONG ISLAND CITY I, N.Y. 





eM" Can you use help 


mtrol designers wh 


transistor-operated with 
includes discussion of precision headaches 


ipac itors, imdu 


Et er gene ; — ‘ like this? 


; 


| 1 


On Manpower Shortage 


Krom “Encouraging More ‘Tech by 
nologists’’, Journal of the British ag 
fnstitution of Radio Engineer 
\Vlarch 1956 page I] 
lhe germ for this British IRE e 
| wa hat i KLIOW in Englan 
i ommand pap r or government 
tion of pecial nihicance 
ilt with technical 
by itself, th 
yuld make 
in thi 
rman thi 
gut in th 
interest 
| side by sick th 
if those Briton 


ise the “technol ee 


rc ng to the | rT he numb oa 
British uni cr it t ident now bys” 
] I ind t hnolo COUTS —” 


mcreased 124 per cen 


lled in 


wn 1795-59, Thuis new peak rep 1 @t General Mills work them out for you 


45 per cent of the univer 


hnuMmpel cnro 


m, or 4,200 degrees in straight 
Right now our systems enginecring people and our factory can be 


ind 1,800 in technology a vear 
at your service if you need volume prec c p irt ora ‘ mblve 


england the term “technologist 
@electro-mechanical systems or components 


nore embracing than “‘engineet 
Lhe } urnal deems these fleur praise 
tt < finis« in 
but with ‘ itions. the @precision parts, cutting, grinding nishing 


@fine-pitch, instrument-type gears 


rial fy @industrial or military optical assemblies 
' ‘) rf 
Right now you can utilize the experience of our creative engineers 


| 
ind machines that 


i} ed 
and precision production plant—the same men 
have handled prime and sub-contract work like the bombing 


Y-4 bombsight, and similar com 


f the engines 
| be, all parent ot a 
Id on higher education. and a tem computer above, the B-47’s 


plex systems. And of course we offer full laborator ind environ 


uilding program remains ft 


ved and started mental testing facilities 


Al] Ving pris ate indust t ( LET US BID on your specific requirement today. Save time, 


employee tuition = fe ol cut costs and eliminate the worrisome problems you face in re 
cruiting competent engineers and skilled production 


h courses’ " busine 
have them now , and can rush delivery of parts or whole pack 


] 1 good icle ia far a t 
the journal says in refe ring toa p ages in quantity, on time, to meet strict militar pe 
il embodied in the paper But, it 


adds, public departments employing ASK FOR FREE NEW BOOKLET (01 


, cluring capacitu and capabhilitu 
technologists r ( courag , ja 

inologist h uuld b cn ra a phon Dept CE6, 1620 Central Ave 
to do their part, too. One thing pul ; '\ Minn., STerling 9-8811 


lic agencies can do, it sa 


indidates for part-time te i ; in 4 
SS aie eee a : MECHANICAL DIVISION 


pe ialized subjects. The 
rood educators is as a 


ernment cannot lve the 


JUNE 1956 


hand We 


meee". oe General Mills, Ine. 


161 








__ thermal sensing 





of po 


— wherever 
temperature 
limit 
indication 
is required LUGSTATS pro 


scise thermo 


ning. without cal 


cael 


Proven 
dependable in 
AIRCRAFT GENERATORS 
AIR COOLED ENGINES 
WATER COOLED ENGINES 
TRUCK REAR ENDS 
MARINE ENGINES 
BEARINGS 
PIPED LIQUIDS 
GEAR BOXES 


™~ 


CONTROL 
PRODUCTS 
INC 


310 SUSSEX STREET 
HARRISON, NEW JERSEY 


162 CONTROL ENGINEERING 


| 
| 


ABSTRACTS 


itself, it 
Sas he technical societies ¢ 
too 

A huge recruiting driv 
ialists is already under 


land, Scotland, and Wak 


in do its part the 


Briefly Noted .. . 


he Office of Technical Service 
Ame 4 Dept of Commerce, frequently 
publishes literature germane to instru 
mentation and control. Herewith is a 
list of such publications recently made 
ivailable Publications may be ob 
tained from: Office of ‘Technical Serv 
ices, U. S. Department of Commerce 
Washington 25, D. C., at the price 
listed at the end of each de 
id 

Increasing the Reliability of Elec 
tronic Equipment by the Use of Re- 
dundant Circuits by C. J. ¢ reveling, 
Naval Research Lab. Says that the 


use of redundant circuitry in complex 


nption 


electronic equipment may increase re 
liability, but circuits must be designed 
so that failure of some parts will not 
cause failure of other 

lating reliability to the 
circuit elements in the redundant and 
nonredundant cases are 


Equations re 
number of 


derived and 
ipplied to examples (Order PB 
111740, 50 cents. ) 

A Survey of Domestic Electronic 
Digital Computing Systems by Martin 
H. Weik, Ballistic Research Labs., 
Aberdeen Proving Ground, Maryland. 
his report, based on a questionnaire 
submitted to manufacturer 
of digital computers, surveys 84 sys 
It discusses the basics of each 
system for the benefit of persons new 
in this field, and then details their 
design, applications, and characteris 
tics—including operations and reliabil 
ity (Order PB 111996, $4.75.) 

A Positive Displacement Pump for 
Accurate Metering of Liquids by L. R 
Crisp and F. O. Anderson, National 
Institutes of Health [his new-type 
positive-displacement pump accurately 
liquids to constant 
flows, automatic proportioning, and 
pilot studies of automatic water-chemi 
cal treatment. The report describes 
in detail the pump’s construction, 
uses, and limitation Basically, the 
pump consists of two syringes opert- 
ated in a reciprocal manner. Each 
syringe has a fixed stroke of 1 in 
with the capacity a direct ratio to the 
input speed as obtained from a variety 
of synchronous motors and variable 
Order PB 111851, 50 


ind users 


tems 


meters obtain 


speed drives 
cents. ) 








build your future with 


NEW ELECTRONIC 
ACHIEVEMENTS 


Here at AUTONETICS nearly 100 advanced electronic 


tional professional standing in a congenial atmos 
and electro-mechanical projects are in progress 


phere. You'll have access to the very latest digital 


projects whose long-range implications are moving and analog data processing equipment. You'll have 


forward the frontiers of technical knowledge. 
Most of the work is well in advance of reports in 
technical public ations, or even confidential texts. The 


one way to keep abreast of this unique and highly 


the opportunity to contribute to the advances in 


electronics and electro-mechanics and at the 


What 


like living in Southern California 


youll 


time further your own career ‘more 


rewarding research is to be in it 


Write now for complete information 
At AUTONETICS you'll work with men of « 


Your in 


Keep quiry will be handled promptly and confidentially, 


UNIQUE OPPORTUNITIES FOR: 


Computer Specialists Electro-Mechanical Designers Environmental Test Engineers Electronic Component Evaluators 


Instrumentation Engineers 


Fire Control Systems Engineers 
Electronics Research Specialists 


Flight Control Systems Engineers 


Computer Programmers Computer Application Engineers 


Automatic Controls Engineers 
Inertial Instrument Development Engineers 


Electronic Engineering Writers Preliminary Analysis and Design Engineers 


Autonetics (,) 
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Aiso Openings for Drattsmen and Technicians 


CONTACT: Mr. R. C. Smith 
Autonetics Engineering Personne] Office, Dept. 991-CON 
12214 Lakewood Blvd., Downey, Calif 


JUNE 1956 





extra-compact 
delay lines 


in package or tubular form —— 


Standard series or 
designed for your particular application 


Continuously wound Technitrol Delay Lines assure min- 
imum pulse distortion and are virtually unaffected by 
temperature variations. They are offered in a variety of 
mountings. Technitrol engineers are prepared to design 
lumped parameter or continuously wound delay lines 


to your specifications. 


Technitrol also produces miniature Pulse Transformers, 
wound to your requirements. Let us know your perform- 


ance specifications. 


for additional in formation, 
write for Bulletin C174. 


ECHNITROL 


engineering company 


2751 North Fourth Street*Philadelphia 33, Pennsylvania 
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Control of Nuclear Processes 


ProcerpINcs OF THE 1956 Mi 
WINTER CONFERENCE ON INSTRI 
MENTATION AND CONTRO! 
DUSTRIAI NUCLEAR Ps 
spon ored by the New York 
ISA, Feb. 9, 1956. Availabl 
the Instrument Society of Am 
13 Sixth Ave Pittsburgh 
to ISA members, $3 t 
bers 
In February the New \ 
of the Instrument Society 
pon ored i highh u 
ward-looking conferen 
ible pe ikers present 
instrumentation 
trial nuclear proc 
yyVTTe ndal le LUSpIc ( 
ofhce, the ISA gather 
into a paper-bound 
book 
I hie book, of COUTTS 
planning of the conferen 
ror it covers many asp 
proc ontrol—poss! 
few books availabl 
of coverage he fi 
the basics of th 
ind the 


on reacto 


versonnel, and 
ret All augi 
ire of industrial atom 
at is a list of th 
uth ind brief review 
© Fundamentals for th 
Atomic Reactors, J. M 
bustion Engineering, In 
the basi phi ical phenon 
nuclear power fie ld 
vays in which thes phic T 
ictors i phi ! il 
ibes the ious kind 
under consideration in the 
ind points out the p 
reactors which must be ta 
consideration for adequat 
tation and control 
P Reactor Control and Inst 
tion, Robert | Detterma 
Wheeler Corp. Points out 
reactor the available ener 
lent to many milhons of tor 
ready for instantancou 
reactor 1 not prop ly 
Fortunately, several meat 
ible to the control engine: 
safe control of the rea 
taining the desired pow 
Among these are the neutr 
that is moved in and out of 
ore, the neutron reflector 
rounds the reactor te ont 
the inherent negative temper 
efhcient of reactivity, an 





Making possible for you 
the maximum utilization 
of available design theory 


This book will be given to you 
with your first selection and 
charter membership in the McGraw-Hill 
Electronics and Control Engineers’ Book Club 





Announcing . 


a new McGraw-Hill Book Club 
for Electronics and Control Engineers 


How — cone operates 
‘ n 7 ’ 

hare The Bleot 

I 


' } vi if ‘ ’ ! 
The choice nts. And if you choos 


your me 


Send no money Just the coupon 
‘ ‘ 


Wh immediate 
an a po 
rogram ca afford 
ing ad‘ antag of tt 
ou Wii receive 
Dr John G. Truxa 


Feedback Control Syatem Bynthe 
together with your cholee of 


oe one of the ter b 
» of | re ke ina " ve ae your first ales a. 
y out of ‘the large the special Club Price 

your file eld of 


any twelve mont mail the coupon today 





Publisher's 
Edition, $12.50 


Published 1955 


Automatic Feedback 
Control System Synthesis 


by John G. Truxal 


Mail Entire Coupon to: 
The McGraw-Hill Electronics and Ce antes 1} premeors Book Club 
330 West 42nd Street, New York 36, Y 
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Servomechanism Practice 
a a 


. 
Analog Methods in Compute 
and Simutatior 
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_ PHOTOCE 

Ovistending Features of Hupp Photecelis 
* Power Enough To O a Re- 
lay at Normal D ht Levels. 
© Great Sensitivity at Very Low 
Light Levels. 

* Miniaturized . . . Rugged Con- 
struction. 

@ long Life... Low Cost, 


Hupp Powermaster Photocells will 
control a relay without amplification. 
was A 1.5 mil relay can be made to operate 


at 50, 10, or even 1 


ft. candle illumina- 


tion with proper photocell and circuit 
POWERMASTER PHOTOCELLS 


have a low noise level, and a very high 


dark resistance, 


Aw, Hipp Product Quartz Crystals; Electronic Remote 


Switching Systems; Miniature Motors, Blowers and Fans. 


@ Write for Photocell Bulletin 


Hupp Electronics Co. 


Division of Hupp Corporation 


751 Circle Avenue © Forest Park, Illinois 


SK’s por 


MEASURING 


"“SAFEGUARD” RATE-OF FLOW 
ROTAMETERS . 





HEAVY SAFETY GLASS 
WINDOWS ATFRONT AND 
BACK ARE WIDER FOR 
BETTER VIEW OF TUBE, 
ROTOR, SCALE. 


ae 


ruses HAVE SAME INLET 

AND OUTLET OD TO PER- 
MIT STANDARDIZATION 
OF PACKING AND END 
FITTINGS AND USE OF UP 
TO FOUR TUBE SIZES IN 
ONE CASE. 


SUITABLE FOR FRONT 
OR BACK OF PANEL 
MOUNTING 


—EeEeEeEEE———— ———d 


NUMEROUS RoToR | 
DESIGNS AVAILABLE TO 
PROVIDE WIDE RANGE 
OF CAPACITIES 











OFFER 
THESE 


PLUS VALUES 





DETACHABLE, EASY- 

READING METER SCALE 

SUPPLIED IN EITHER 

UNITS OF FLOW OR MM 

(FOR USE WITH CALIBRA- 
TION CHARTS). 

— 








YEARS OF SERVICE 
PROVE RIGIDITY OF 
WELDED STEEL CASE 
AND EASE OF TUBE 
ALIGNMENT. 








METER IDEAL FOR 
REMOTE RECORDING 
AND CONTROLLING OF 


FLUID RATE-OF-FLOW. 





END FITTINGS AVAIL: 
ABLE IN VARIETY OF 
CORROSION - RESISTANT 
MATERIALS. 





GET FULL DETAILS. WRITE FOR BULLETIN 18-RG. 


Schule and Koerling 
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Starting neutron groups. Proper rea 
tor design and appropriate election 
of the control variable thus aid th« 
safe utilization of reactor power 

© Instrumentation for the Radioactn 
ity Laboratory, Philip Shevick, Nuclear 
Instrument & Chemical Corp. List 
some uses Of radioisotopes in industr 
such as in wear studies of rubber tire 
and electrical contacts, research in 
metallurgy, detection of impuritic 
and the study of many chemical and 
diffusion processes. Discusses the qui 
tion that must be answered in the us« 
of radioisotopes, such as the radioiso 
tope’s decay time, radiological hazard: 
and counting of the ionized particle: 
Four new counting devices for use in 
nuclear scaling (glow-transfer neon 
tubes, ferromagnetic elements, tran 
sistors, and radiation analyzers for 
gamma ray spectroscop' 
extensive review 
PProtective Nuclear Instrumentation 
for Public Health and Safety, Nichola: 
Anton, Anton-Electronic Labs., Inc 
Reviews the procedure and the equip 
ment needed to protect the publi 
from the potential hazards of a rea 
tor facility. Recommends a complete 
survey of the proposed site prior to 


ome in for 


construction and covers required test 
ing after the facility is operative 

> Reactor Power Plants——-Control and 
Operation, Stephen Malaker, Day 
strom, Inc. Compares a fissile power 
plant with a fossil-fuel power plant 
and points out the basic differenc 
in controlling the output Derive 
the dynamics of nuclear reactor op 
eration, the result showing that the re 
actor's transfer function compar 
with that of an integrator with de 
creased gain at low frequencies Em 
phasizes, with the use of a block dia 
gram, that the reactor characteristic 
and the power plant parameters must 
be considered as an integrated control 
system 

© Industrial Nuclear Instrumentation, 
Ernest H. Wakefield, Radiation Coun 
ter Labs., Inc. Reviews the available 
instrumentation for the detection and 
counting of the important nuclear ra 
diations of alpha and beta particles, 
gamma rays, and neutrons. This sur 
vey covers ion chambers, photographic 
film, conduction detectors, chemical 
integrating indicators, cloud chambers 
proportional counters, Geiger Mueller 
counters, and scintillation counters 
Some of these are mentioned only 
briefly Another important mstru 
ment mentioned in great detail is the 
gamma ray spectromete! 

> Instrumentation for Personnel Pro 





tection, F. P. Cowan, Brookhaven Na 
tional Lab. This short paper details 
the permiss:!)'e levels of atmospheri 
radiation cok.amination that assure 
safe working conditions. To deter 
mine safe levels several instruments 
are available to provide warning when 
excessive radiation occu! Among 
these are the ionization chamber and 
the scintillation detector, the first 
for beta and gamma rays and the 
latter for fast neutron Other d« 
vices gather airborne radioactive con 
taminants, such as vacuum cleaners, 
filter papers, and sampling cans, and 
these feed into a detection devic« 

> Instrumentation in the Industrial 
Atomic Future, H. F. Davis, Minne 
apolis-Honeywell Regulator Co. Pre 
dicts that until 1960 the government 
will still be the biggest customer of 
nuclear instruments, purchasing about 
$115 million, and that the industrial 
market will account for $83 million 
But since there are about 100 com 
panies manufacturing instrumentation 
equipment and the profit levels ar 
small, these figures lose some of thei 
initial attractiveness. Lists instrumen 
tation for nonreactor applications, and 
predicts some instruments that will 
probably be developed in the next ten 
years. In the list of new instrument 
appear: boron thermopile with greatet 
sensitivity and speeds of r ponst 
than present devices, automat Startup 
10-decade 
logarithmic measurement of reactor 
activity, colorimeters for liquid sepa 
ration " polarographs ror uranium plu 
tonium measurements, and liquid 


controllers comprising a 


liquid interface mete 


Written for Management 


E.LECTRONIC DATA PROCESSING FOR 

Business AND INpustry. Richard 

G. Canning, Partner, Canning, Sis 

son (¥ Associates, 6 by 9 in., 332 pp 

Published by John Wiley & Sons, 

Inc., New York City. $7.00 

his book grew out of the author 
experience in teaching 1 university 
course on electronic data processing 

mostly to business and industrial 
management people. He has com 
bined the material he presented and 
his answers to the many question 
asked by his “students” into a re 
ommended course of action for man 
agement groups approaching the idea 
of electronic data processing for th 
first time. The approach is system: 
engineering, in this case the efficient 
use of data processing equipment 
within a company that must be viewed 
as an integrated operation 

The book starts with the concept 
of “Electronic Data Processing as a 
New Management Tool’ that the ex 

| 


ecutive can use to hi company's a 


AIRBORNE COMPONENTS 
IN MINIATURE 


“ewe eeeneeeeenenenene 


SHOWN 1/4 SIZE 


SYNCHROS 


Kearfott (Penny Size) Synchros 
offer a reduction in diameter 
from 1.5 inches to .75 inches 
and in weight, from 5 oz. to 
1.75 oz. In spite of this reduc- 
tion, accuracy has been im- 
proved from 15 minutes to 10 
minutes max. error from EZ 
Available as transmitters, control 
transformers, Te solvers and differen- 
tials 


SHOWN 3/4 SIZE 


Kearf mponent t all require 
ments for t h accut ght eight and 


KEARFOTT COMPONENTS INCLUDE; 
Gyros, Set Motors, Servo and Magnetic 
Amplifier lachometer Generator Her 
met otary Seals, Aircraft Navigational 
: r high accuracy mechan- 

ctromc components 
g data of Counters 


HW interest t 











Midwest Office 


GYROS 


Kearfott 3" Vertical Gyro meas- 
ures only 3"x 3"x 4" and weighs 
3 pounds It offers the same ac 

curacy and dependability as its 
predecessor, three times its vol- 


ume and weight 


CHARACTERISTICS 
2 degrees of freedom, accuracy 15 
minutes max. of Va cone angle, and 
erection rate 3°/minute normal 
Erection time 30 secs max. from 


any po ition 


SHOWN 3/4 SIZE 


SERVO MOTORS 


Kearfott (Penny Size) Servo 
Motors measure only 
diam. x .980 inches and weigh 
] 2 0z The y 


ment servo applic ations because 


50 inches 
ire ideal for instru 


of their high torque-to-inertia 
ratio and small size and light 
weight 


CHARACTERISTICS 
Stall torque ss oF in., no load 
peed 6400 RPM , lime constant 


O3O7 see 


earjott 


KEARFOTT COMPANY, INC., LITTLE FALLS, BN. J. 


Seles ond Engineering Offices: 1378 Main Avenve, Clifton, MJ 


186 W. Randolph Street, Chicago, Ill 


South Central Office, 6115 Denton Drive, Dalles, Texas 


West Coast Office 253 N. Vinedo Avene, Pasadena, Calif 


JUNE 1956 167 





NEW BOOKS 


. vantage. ‘The author assumes that th 

DC AC executive willing to investigate the 
a ; 

potential of data processing will read 

the book and prepare to establish (last 

CHOPPERS chapter Management Program for 


a Reliable System 
For 60 Cycle Use The intervening chapters 
ti topics: patterns of data pro 
Built to rigid 


commercial 
specifications. 


ummiary of electronic data | 


machine: programing 
clerical operations, and the 
Twenty-two types, study, as well as the initial 
both single and tailed design of the electro 
double pole. tem, the role of operation 
and equipment characteristi 


Long life. 
Ge g Canning’s book reads ea 
Low noise level, 


should appeal to the large audienc 
} | , Extreme reliability. earching for additional information 
: in the rapidly expanding field of cl 
7 Write for tronic data processing. ‘The autho 
Catalog 370, includes an additional lesson in man 
igement technique: in the a) 
[his is a talk by Robert ‘Tannenb 
STEVENS entitled: “Overcoming Barri 
INSOR PORATED \ eptance of New Idea 


ARNOLD cl It would seem that 


vould like to ct onvert 
272 ELKINS STREET 
. tronic data processing suffici 
SOUTH BOSTON 77, MASS 4 
pared to circumvent objection 


installation of such systems th 
be raised by either or both th 
f directors and the clerical 


7 ~~ | i) oe 


Higgins on Soviet Text 


be | = < . oe ee ce i= wy (GRUNDLAGEN DER SELBSTTA 
REGELUNE I LEKTRISICHER 

ca | Pon a: oe cost CHINEN (Fundamentals of the 

matic Control of Electrical 

ery). M. W. Mejerov. 172 | 

= lished by VEB Verlag ‘I 

NEW Berlin, Germany. 18 D.M 
e ~ [his excellent book con 
miniature pe | control of dc motor 


RECORDING oltage control of dc generat 
POTENTIOMETER Assuming a know ledge by t 


of basic dc machine theory, t 





derives the fundamental equ 
performance, transforms the 
tains therewith the transfer 


} 


The Westronic Model 2705 miniature potentiometer a oe 
OF VaTIOUS ypos oT ¢ naciill 


solves your recording needs and control panel 


he determines the natur 
space problems. Here are some of the features. nate 


ity through use of the Hu 
ve One second pen travel ye Panel space 9%” x 842” quist, Michailov, and Nei 
bility criteria, and this lead 
to detailed investigation 
ww Guaranteed performance x Continuous standardization feedback means of stabiliz 
tem and compensating 1t 
Ihe quality of system pert 
— Lower cost te Accuracy better than 0.5% is based on the transient 


. termined from the frequen 
Write for descriptive literature functions (in accordance with th 


orv set out in Solodonikoft 
] 


W e S t r ‘@) nm Cc S , INC. hs aed yp :} ” seg 


I 


we Weighs approximately 25 Ibs. *% 5” Strip chart record 


we Thermocouple or MV. calibrations + Null balance system 


ty 


3605 McCART STREET ye FORT WORTH, TEXAS quent analysis 
Kach major phase of thee 
I 
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trated by detailed solution of one 
more specthic exampk 
tems and calculations as they 
labulation otf 


equivale nt circuits and 


typifying sj 
oOccul 
practi ¢ numerou 
responding 
transfer functions enhan the value 
and facilitates the use, ot the theory 
pre sented in this book 
lhe volume was intended a tex 
chools in East 
[his accounts for its trans 
lation from Russian into German a 
well as for the inclusion of such topi 
is Michailov’s and Neimark tabil 
riteria and Solodonikoft'’s theor 
determining tim ( 


book for engineering 


(Germany. 


pons from 
ency response The 


ifforded to gain 


opportunity 
knowledge ot 
ian treatment of basic aspects of 
Mej TQ) 
ially interesting to all teach 
el f feedback-control-system theo 
However 


1 
1} Vill 


mtrol theory should make 
book ¢ pec 


the practicing control eng) 


hind much yt ilu t ) 


on Control Engineering 


KEGELUNGSTECHNIK Kurze bin 
FUHRUNG AM Betspiet DER Dren 
ZAHLREGELUNG VON \W/ASSERTUR 
BINEN (Control I-ngineering: Fun 
damentals with Application to th 
Speed Control of Hydraulic ‘Tur 
bines). G. Hutarew. 176 pp. Pub 
lished by Springer-Verlag, Berlin 
Germany, 1955. 18 D.M. 

Thi book 1S 
tyle as two well-known eat 
works on speed control 
namely, Tolle (192) 
1940), reviewed in 
rROL ENGINEERING, De 
page 50. ‘The 
dat however, in that ystem per 
formance is analyzed through use of 
the modern tool if 
transfer 


vritten in much the 
samme 
German 
turbin 
labritz 
ember 19 
inalysi l 


more 


up-to 


block diagram 
functions, and frequency-re 
plots, rather than by differen 


slone is in these older 


spon 


tial ¢ juations 


of the 
cin tem 
to illustrat 
the gencral body of th 
| in the text \ typ il exampi 
llustrates the system as a whole; it pi 


the physical 


zed in detail 


ymponents that 
lock 


derives th equations of pe 


individual units of the 
give 1 frequen pons 
ypen-loop transfer fun tion 
the stability of the tem 
Hurwitz hard 


Leonhard oO! 
riterion; and 


, 
lists the rela 
hortcomin 


ing performan 


Thomas Higgins 
Professor of [Electrical Engineering 
University of Wisconsin 


Ri EW’! BENDIX-FRIEZ 
DESIGNER’S THERMISTOR KIT 


’ COMPLETE 
WITH 
DATA 
SHEETS 


12 Individually Packaged Rod-Type Elements, 
25 to 1,000,000 ohms range 


Here’s a real time-saver for the busy designer from Bendix-Friez.* 


This new Rod-Type Thermistor Kit contains twelve standard 


elements for applications in sensing, controlling and indicating 


devices. Handy compartment case keeps thermistors separate and 


ready for quick use. Indexed boxes save time, 


assist in specifying and ordering 
ying 


These twelve thermistor ele 


lents range in resistance trom 


25 ohms to 1,000,000 ohms. Kit comes complete with 


specifications, covering dimensions, voltage-current character- 


istics and temperature resistance relationships. An up-to-date list 


of references are cataloged for your convenience according to 


thermistor applications. Mass quantities available for any 


or all of these 12 different thermistors. 


Order your kit now. Or write for 
complete information. 


“Gendix”- Pries 


FRIEZ INSTRUMENT DIVISION 
BENDIX AVIATION CORPORATION 
BALTIMORE 4, MD 





Export Sales and Service 
Bendix international Division 
205 E. 42nd &., N.Y. 17, Y, UGA 


Bendix-Friez 
1472 Taylor Avenue 
Baltimore 4, Marylond 


Gentlemen 


Enclosed is my check f 5 fedd .50 per 


kit for packing and shipping cherges). Please send 


No. 100 Designer's Thermistor Kits. C.0.0.s accepted 
Nome 


Street 


qnepesenanupen: -wawenanenall 


City State 
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NEW METER-RELAYS 


FROM 0-5 MICROAMPERES-UP 


Ruggedized - Sealed, Black Bakelite or 
Clear Plastic Cases 
D’ Arsonval 
meters 
with locking con- 
tacts for sensitive 
and accurate 
control or alarm. 


TRIP POINT AD- 
JUSTABLE to any 
point of scale arc, 
Sensitive to changes 
as little as 1%. One 
contact on moving 
pointer. The other on 
adjustable pointer. When pointers meet, contacts 
close and lock, Holding coil wound on moving coil, 
Locking is electro-magnetic. Manual or avtomatic 
reset. Spring action kicks contacts apart. 
Ranges: From 0-5 microomperes, 0-5 millivolts 
or 0-300°F up. 
Standerd Contact Rating 5 to 25 milliamperes 
DC, Can be up to 100 milliamperes DC. 
Ruggedized-Sealed metal cases, 2'2", 3'A” or 
4'A” round, shock-mounted movement, gasket 
sealed, 
Black Bakelite case, 4!” rectangular. 
Clear Plastic coses, 2'2", 3%” of 412” rece 
tangular, 
Panel meters and indicating 
pyrometers also in rugged- 
ized-sealed, black bokelite 
or clear plastic cases. Write 
for new 40 page Catalog 
4A on meter-relays, meters, 
Model 255-C,0-10 Pyrometers and automatic 
Vv DC $42.50 controls, 
Assembly Products, Inc., 


Model 461-C,10-0-10 
Ve OC $83.25 





Chesterland 22, 


Ohio. HAmilton 3-4436 (West Coast: Desert Hot 
Springs 22, Colif. Phone: 4-3133 & 4-2453). 





WHAT’s AHEAD: MEETINGS 


MAY 


Symposium on Reliable Applications 
of Electron Tubes, RE TMA Engi 
neering Department, IRE Profes 
ional Group on Electronic Devices 
ind JETEC, University of Pennsyl 
vania, Philadelphia, Pa 
May 22-23 
Armed Forces Communications and 


Electronics Association, Boston 

Chapter, 10th National Conven 

tion, Statler Hotel, Boston, Mass. 
May 24-26 


American Society for Testing Ma- 
terials, Fourth Conference on Mass 
Spectrometry, Netherlands Plaza 
Hotel, Cincinnati, Ohio 

May 27 


JUNE 


American Society of Mechanical En- 
gineers, Semi-Annual meeting, Stat 
ler Hotel, Cleveland, Ohio 

June 17-21 

Stanford Research Institute and the 
University of California, Sympo 
ium on High ‘Temperature—a 
l'ool for the Future’ (methods, 


materials, and for high 
temperatures), University of Cali 
fornia, Berkeley June 25-27 
American Institute of Electrical En- 
gineets, Summer and Pacifi 
eral Meetings, San 


proc cesses 


Gen 
Francisco 
June 25-29 


AUGUST 


The Association for Computing Ma- 
chinery, llth Annual Meeting, 
University of California, Los An 
geles Association address: Box 3251, 
Olympic Station, Beverly Hills, 
Calif Aug. 27-29 


SEPTEMBER 


American Society of Mechanical En- 
gineers, fall meeting, Denver, Colo 
Sept. 17-20 
Instrument Society of America, 
llth Annual Instrument-Automa 
tion Conference and Exhibit, N. Y. 
Coliseum, N. Y. Sept. 17-21 
Institute of Trafic Engineers, 26th 
Annual Meeting, Mark Hopkins Ho 
tel, San Francisco, Calif 
Sept. 25-2 





















ADVANCED 
DIGITAL ENCODER 


This encoder is an all electronic piece of equip- 
) ment capable of digitizing 24,000 8-bit binary 
code groups per second. 


se: The Coder’s all electronic circuitry which in- 
., Cludes solid state components mounted on etched 
circuit, plug-in, cards provides for increased oper- 
g... ational reliability and ease of maintenance 


& Designed to operate in either air or ground sys 
tems, the coder’s compact construction and 
light weight substantially reduces the need for 
bulky equipment in data handling systems 


Among the more salient features are: 
Accuracy: One part in 256 


Power Requirements: 
Signal Input impedence: 
Operating Temperature Range: 


100 watts 

100 K ohms 

-55°C to + 71°C 
1 K ohms 


Output Impedance: 
Ee ie Overall Size: 6-13/16" H x 9-9/16" Wx6-%4" D 
By" : a, . Weight: 8 pounds 





Melbourne, Fla 
Orlando, Fia 


RADIATION Inc. 


Electronics . 


Personnel Inquiries 
Invited 











Avionics . instrumentation 
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= Staff of 500 Seen 


oy | 


anal | Fo t A- Plane Plant 





v4 10| tle Project, 


& Head Dawsonv! 
= We "of Its Type " Nation 
5 - » Air Foree 
at Bi ges aot 3 
De- | To Be bid se | : = 
» el ‘ 
Lock! 
S no ume 
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jJant now h | vn 
test - kheed since ‘the work of Y os chars x; 
~ » will dire : or perh ‘ 
He ately S08 =, \aee 
rvice 


= sowed at the Dawson . The world’s largest integrated 
»rial mb - aircraft plant, at Marietta, 
vied | ville 5 Georgia, where we build 
aoe | Lockheed C-130 Turbo-Prop 
Cargo planes and B-47 Jet 
Bombers — welcomes this new 
AND Lockheed program in Georgia 
Here are projecta to chal 
9 lenge the very limits of imag 
® re that can t ination, vision, ability and 
capabilities of man! 


ed eae. yet | This new atomic develop 


ment and its effect on the 


fm Corp 
Love lopment 


eed Aircral of \officially * 
jn the ™ » facilities at \ night 
tt 4 Tuesday | that they 
nee ead UP \acre er — 
m test * tion, 
aircr® » (popula 
ville project ¢ 1 ¢ Daw sonville a signific antly 
Dawson is, who lives 8 taf o And, perhaps — a utive 
—~ ar ‘ 
Rhos 1 . —_~" . tta | Lockheet d's top - om) 
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2 hinted that an powe red plane nt 
ycleat 1g 
a meet orid’s first— Tes 
My ockheed’s Marie 
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annow 
will 


a exe 
manufac 





yersonne! 


adjacent manufacturing plant 
and new Engineering facility 
at Marietta, creates far reach 
ing additional opportunities 
for Engineers and Scientists in 
a wide range of categories in 
both plac« 

Here is «a program thet is 
literally long range in both 
acope and product 

Qualified Engineers and 
Scientists interested in becom 
ing associated with this pro 
gressive and rapidly expanding 
organization are invited to in 
quire for further information 
or personal interview 


Write to 
ENGINEERING PROFESSIONAL 
PLACEMENT 


LOCKHEED 


AIRCRAFT CORPORATION—DEFT. CEG 


761 Peachtree St, NE, Atlante, Georgia 





CRYSTAL CONTROLLED 
TRANSISTOR 
OSCILLATOR 





[Prooucts] 








Complete, precise plug-in signal source providing fixed 
temperature and humidity environment for transistor 
and circuitry elements. Extremely compact, it features 
a special crystal, designed for the particular applica- 
tion, with tight angle control and tolerances, and an 
oscillator tailored for frequency and other parameter 
values of the crystal. Each assembly is laboratory- 
controlled, permitting a guaranteed over-all perform- 
ance of the complete package. 


TYPICAL PERFORMANCE: {| MC TRANSISTORIZED OSCILLATOR 


Heater Supply Voltage — 6 Volts Output Impedance Nominal 
ac or de 600 ohms 
Heater Current Drain Approx Leading Characteristics Loads 
1 ampere from 72 ohms to open circyit 
Oscillator Supply Voltage changes frequency less than 1 part 
Nominal 6 Vde in 10° 
Oscillator Current Drain at 6Vde Variation in Supply Voltage 
1.5 ma Voltage as low as 4.5V changes 
Calibration Frequency Adjust- frequency less than 1 part in 10° 
ment Nominal + 0006% Output Power 4 microwatts into 
Frequency Stability (24-hour Peri 600 ohms (50 millivolts) 
od) 1 part in 10° 








Write for complete data 


THE JAMES KNIGHTS COMPANY 


Sandwich, Illinois 








WITH THE 


Olsson DAMPOMETER 


A revolutionary electronic apparatus for TYPE DM 4 
a a pe im me ey nam le . h rvo tee aaave Logarithmic Decrement Frequency 
at clures acoustics metallurgy and elec * 94 ‘ 
tronios, the new Olsson-built Dampometer INPUT: 117 yg? 320 vents, —— o 
Will amortize itself in the time saved, In some aut Paeexee ieee 

f welae 42 and 58 lbs rempect vely 

netances, it car sotually pay for itself in ON aoe: RAY TUBES: tw 7” (one fk 
three weeks through savings effected in time hy cnltoring) 
of high-sataried technical personnel and re LIFIER: A.C.-type, wih an extra output 
duced use of expensive facilities on ++ panel. Max. deflection for \0mV R.M.S 

A damped sinusoidal voltage is represented ELECTRONIC COUNTERS: three interchange 
by a rotating ector on the screen of a cathode able 4-digit units, employing Philips allelectro 
ray tube rhe rate of decrease in the vector's tatic EIT decades tubes 
length is an accurat measure oe: 5 roy ope 

‘ easurement of the 

damping KResulta show logarithmic deers RAN if at ak THMIC DECREMENT 
ment and frequeney on two electronic count 0 NG LOG ve ' 
ere simultaneously with the teat BUILT. IN OSCILLATOR ervata } Ke witt 

Accuracy is good even at high damping divider chains for 2 Ke, 500 eps and 100 ep 
resulting in considerable saving of time by PuASE.SHIF TING NETWORK: acljustable in 
compariaon with older methods 3000 steps. 


Write for folder giving details of theory and operation of the Dampometer. 


OLTRONIX 2070: 
ATLANTA 5, GEORGIA 
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CONTROL PULSES 
CHOKES ON BAD AIR 
At Philadelphia Gas Work irtu 


ally untenanted automati gulator 
tation, a sampling system is ready to 
ictuate an alarm at the slightest ga 
leak, and notify a dispatcher five mik 
iway. Atmosphere from three section 
of the station continuously passe: 
through a Mine Safety Appliances in 
strument, which compar th 
amples with uncontaminated 


WARNING FROM BELO\ 


laller & Cooper Weigh 
cale can put its electronic fingé 
in overweight axle even if a 
is barreling along at 60 mph. Now 
use under Indiana’s East-W 
Road, the scale sounds an alan 
1 predetermined weight 
ind records the 
the time it passed 
et 


LO NEW FAHREN-HEIGHTS 


{ 


lemperatures of more than 4 
deg I° don’t exactly dilly-dall 
the laboratory they last 
millionth of a second), | 
main long enough to 
on them Phat just 
lorce has done, and ac 
Air Research & Devel 
mand there no 
technique 


DRAWN TO SCALES 
lwo Richardson a | 


pulled in the visitors at a 

trial fair in Paris, Iran 

were manufactured by | 

Italian firms under a Richardson $ 
Co. franchise Ihe French firm 

Grands Moulins Duquesne, 

first automatic feed mil 


INCISION, PRECISION 
TELEVISION 


From Germany come 
erated surgical lamp whos 
proportions permit installation of ar 
X-ray tube, a T'V camera, and a still 
shot camera. The lamp’s nineteen 
projectors can flood the patient with 
light or concentrate rays on an 
of his anatomy. The manufactu 
Quarzlampen Gesellschaft 


AUTHOR JEUDON MOVES 


I'wo French control engineering 
firms have merged into Groupement 
Francais pour le Developpement d« 
l’Automatisation. One of the merged 
companies, Societe d’Electronique et 
d’Automatisme, is home base for Ctl 
author A, Jeudon (see April 56 issue 
p. 65). The other is Compagni 
la Fabrication des Compteut 


pou! 





EDITORS 
WANTED 


CONTROL ENGINEERING’s expanding 
editorial content requires that we add 
two Assistant Editors to the Staff in 
the very near future. We are looking 
for men, preferably in the age group 
25 to 35, with the following back 


grounds: 


TECHNICAL ASSISTANT EDITOR 


BS in ME, EE, Aero, or Physics, with 
a minimum of two years’ experi- 
ence in designing and applying con 
trol systems and some writing 
ability. This man will operate initi- 
ally under the supervision of an 
Associate Editor, and will deal with 
manuscripts obtained in the field 
Near future prospects: a senior 
technical editing post on the maga 
zine 


ASSISTANT EDITOR 


BS in any engineering curriculum or 
AB in Physics, with a minimum of 
five years’ experience in the field 
plus a demonstrated technical re- 
porting ability. This man will go 
out on field reporting assignments 
and will work with the Managing 
Editor on various departments of 
the magazine 


Both men must be willing to travel and 
capable of organizing their thoughts 
rapidly and clearly on paper. The 
positions open are in the New York 
editorial office of the magazine. The 
salaries offered are on a level with 
existing engineering salaries for well- 
qualified men. If interested, and avail- 


able in the near future, please contact: 


The Editor 

CONTROL ENGINEERING 
330 West 42nd Street 
New York City, N. Y. 


you 
can't 
afford 

to 
“do 

it 
yourself 


Where custom systems are involved, it just doesn’t pay to do the work 
yourself. Not when EECO can do it for you—expertly, efficiently—without 
disrupting the normal productive activities of your engineering staff. 
Major EECO installations in operation in all parts of the country are 
proof of Electronic Engineering Company’s ability to design and produce 
anything from single-rack recording systems to the most complex multi- 
console master installations. And EECO design techniques, perfected 
through years of systems work, are now ready to be put to work for 
you in an EECO engineered system to meet your exact requirements, 


One wing of the EECO Central 
Dual Timing System at Patrick 
Air Force Base, Florida. This 
system is a master time signal 
generating installation for 

the base and ties in with all 
instrumentation operations for 
guided missile te sting 


PLUG-IN CIRCUITS 
...your key to lower design and pro 
duction costs. These EECO plug-ins 
have proven themselves in scores of 
major installations...the one above 
contains more than 2,500 units 
Originally designed for EECO sys 
tems, these packaged circuits are 
now available to you. Complete data 


on standard and custom circuits in 
catalog H-4, Tae 
ELECTRONIC ENGINEERS AND PHYSICISTS EECO offers unusual career 
opportunities for advancement and professional growth in the creative 
field of systems and related electronic projects. Send resume to the 
attention of R. F. Lander. 


Electronic Engineering Company 
of California 





and its subsidiary EECO Preduction Company 
180 South Alvarado Street + Los Angeles 57, California 
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These Are Famous Super Navohms.. 
? YY; . , 


.. Precision Wire 


> cements Wound Resistors by 


“aun Thee « DAWVEN 


Generation 


© Accuracies to .05% @ All temperature coefficients 
© All types of mountings @ Manufactured to famous 
DAVEN standards of precision @ Excellent deliveries 


Write for Catalog Data 


540 W. Mt. Pleasant Ave 
co. 
THE DA VEN Livingston, N. J 











Electronic Engineers 


C ipror bunities Untimtted... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in little more than a 
year the third ranking company in the digital computer field. 
The company recently moved into its new, ultra-modern, 
40,000 square foot plant—completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 
expansion of facilities can be expected in the next few years. 
This dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 
and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 
for high standards . . . send your resume to: 
R. A. Alexander, 


Personnel Director 


ElectroData corPorRaATION 


PASADENA, CALIFORNIA 


— on te 
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WHAT’S NEW 


Continued f 


inalytical and process control imstru 
ments) and the Engineering & Op 
tical Div. (design and production of 
precision optics, and related research 
and development on a contract basi 
General managers are: Instrument 
Dr. Van Zandt Williams; E&O, Dr 
Roderic M. Scott. Last March wa 
P-E.’s greatest sales month, shipment 
running over $1 million 


Companies A-Building 


P An environmental test laborator 
23,000 sq ft) for General Precision 
Laboratory, Inc., in Pleasantvill 
N. Y. When completed late this y« 
the structure will handle wide rang: 
of altitude pressures, temperature 


acceleration forces, humiditi ind 
vibration frequencie: 

PA new settlement for Varian Asso 
ciates in Palo Alto, Calif. New build 
ings in this “master plan” will more 
than treble the working pace now 
confined to a laboratory and office 
buildings in Stanford Industrial Park, 
Palo Alto, and a microwave tube fac 
tory im San Carlos, increasing thi 
pace to 500,000 sq tt One large 
building is earmarked for the Instru 
ment Div., another for the Vacuum 
lube Mfg. Div., still others for ad 
ministrative offices 

P An enginecring and sales _ office 
(4,500 sq ft) in Los Angeles for The 
Liquidometer Corp. of Long Island 
City, N. Y. The one-story plant will 
overhaul and repair the compan 

line of liquid gaging instruments 

PA new wing (27,000 sq ft) for th 
Boulder, Colo., laboratories of the 
National Bureau of Standards. Th: 
wing, to be staffed by 40 specialist 

will house electronic equipment for 
calibrating military and _ industrial 
components 

P More space for Minneapolis-Honey- 
well’s Aeronautical Engineering Cen- 
ter in West Los Angeles, Calif. ‘The 
center, a section of the Aeronautical 
Div.’s Aeronautical Engineering Dept., 
recently developed an automatic pilot 
system for supersonic jet \ tip 
from General Manager John Sigford 
ind Supervisor of Administration 
William D. O’Brien: help wanted 

P Four plants ($25 million) for Borg- 
Warner Corp.: a $10-million chemical 
plant for the Marbon Chemical Div. 
in Washington, W. Va., an _ ele 

tronics plant and laboratory for the 
Byron Jackson Div. in Santa Ana, 
Calif., a research center in Des Plaines, 
ill.. and an automobile components 





plant ($11 million) in Letchworth, 
England. 

>A manufacturing plant (60,000 sq 
ft) for Beckman Instruments, Inc., in 
Munich, Germany. The three-story, 
$300,000 plant, the first to be built 
in Munich by an American company, 
will provide larger quarters and a more 
relaxed business atmosphere (i.e., no 
import restrictions, currency prob 
lems) for Beckman Instruments, 
G.m.b.H., the company’s German in 
corporation Indications are that 
Munich has become the center for 
nuclear energy studies in Germany, 
and Beckman, recognizing this, plans 
to set up its own research and engi 
neering group in the new plant, sched 
uled for completion this October 

> Consolidation for Automatic Elec- 
tric Co. (a 1.3-million-sq-ft headquar 
ters plant) in Chicago. The one-story 
manufacturing facility, two-story office 
building, and research and develop 
ment laboratories that will rise from 
the former Westward Ho golf course 
will bring together activities now car- 
ried on in fifteen buildings on Chi 
cago’s West Side. Two cafeterias 
seating 1,400 and 750, respectively, 
and a parking lot accommodating 
more than 3,000 cars are part of the 
Northlake project. Completion is set 
for 1957 

©» Larger San Francisco facilities (a 
120 per cent increase) for General 
Controls Co. The 4,400-sq-ft show 
room-warehouse will include office 
test areas, and meeting rooms. 

PA new factory (12,000 sq ft) in 
Ames, la., for Bourns Laboratories. 
The facility is an item in an expansion 
program centered in the company’ 
home town of Riverside, Calif. 

> A new location (three times as much 
room) for Airmatic Valve, Inc., in 
Cleveland. An increase in engineering 
personnel is going forward under 
Henry Gardner, head of the engineer 
ing department 


> 'I'wo mergers: Baird Associates, Inc., 
ind Atomic Instrument Co., to be 
implemented by an exchange of 24 
Baird shares for every five shares of 
Atomic Instrument stock. ‘The com 
panies will operate as divisions of a 
new corporation, with Walter S 
Baird as president and Leonard W 
Cronkhite (Atomic Instrument) a 
vice-president for marketing And 
Sorensen, Ltd., of Zurich, Switzer 
land, European subsidiary of Sorensen 
& Co., Inc., and Applied Research & 
Development, Ltd., also of Zurich 

P And an acquisition: the potenti 
ometer business of General Compo- 
nents Co. by Minco Engineering & 
Mfg. of Minneapolis, Minn. GCC 
is a division of Washington Machine 
& Tool Works, Inc. 


over-pressures of explosive force can occur. 


Face well protected by solid metal wall; 
but, still more important, entire back 

is thin metal plate that opens out to 
exhaust any sbeornal pressure 

In testing, heavy blank cartridges, fired 
within back of case, did not even 
break crystal 

Use “Safecase” for your toughest 
services. It is standard in Marsh 
“Mastergauge’—the highest develop 
ment in pressure gauges. 

Ask for ~ 


MARSH INSTRUMENT CO., 


Soles affiliate of Jas. P. Marsh Corp Test Proves Safety 
Dept. Y, Skokie, tl. Explosive force of cartridge 
HOUSTON BRANCH PLANT, 1122 Rothwell Sr merely opens out sofety 
Sect. 15, Houston, Texas release back. Back is firmly 


thached to c« ‘ or 
Marsh instrument & Valve Co. (Conada) iid ottoched nse One « 


; ' « d durir 
8407 103rd St, Edmonton, Alberta, Conode not be ¢ gecd °° 
pressure t ~ ' 


MARSH GAUGES 


MODEL 20 VISUAL MONITOR 


TRANSDUCER 
OUTPUTS 


For TEMPERATURE PRESSURE VIBRATION FLOW 
RADIATION COLORIMETRY CURRENT VOLTAGE 


Does your data problem include any of the above? Or anything similor? 
The Model 20 Visual Monitor is a completely new concept in multiple data point indication 


Now you can observe and measure 24 separate data points sNaneously. No Switching, 


no commutating, no time lag 


Wherever a graphic display of several quantities will facilitate measurement and control, 
the Model 20 should be considered 

Utilizing light-beam D’Arsonval galvanometers as the indicating elements, the Visual 
Monitor permits display of transducer output in an easy-to-interpret, graphic 


form 


Let us hear from you. We would like to discuss your instrumentation problems with you 


Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 


JUNE 1956 175 








) EMPLOYMENT OPPORTUNITIES 


ee ae ing tate in $1 a Lar ine h for a adve 
anal eens on other t wy eee ail ads Sn 


An advertising inch is measured %” vertica na colums 
=n wae Hiumne—30 inches to & pag 
») 


thesbobee t te Ageney (« Hn tn inate 


Send NEW ADS and Inquiries to Classified Advertising Div. of CONTROL “ENGINEERING, “330 Ww, 42nd St. N.Y 36.N.Y 


Pe 80 per line, minimum 3 lines. To figure payment cour 
5 average words as a line. Box Numbers count a t 

Position Wanted ads are ', above rate 

sae yo ot 10% if full payment ul uivas 


UNDISPLAYED 











Opportunities in... 


INDUSTRIAL ELECTRONICS 


RESEARCH and DEVELOPMENT ENGINEERS 
PHYSICISTS + SALES ENGINEERS 
SYSTEM ENGINEERS 


Work in the following fields: 


ELECTRONIC WEIGHING * ELECTRONIC CONTROLS 
ELECTRICAL TRANSDUCERS * DATA HANDLING 
SERVO MECHANISMS 


Growth Opportunities Created By Company’s 
Expanding Activities In Non-Military Industrial 
Electronics Contracts. 


Send resume to: 


MR. G. C. REISER 


TOLEDO SCALE CO. 


Telegraph Road ° Toledo, Ohio 








ENGINEERS 


announcing FURTHER EXP ANSION 


' “ n ‘ 
! hanical Field art pat ‘ vel m the 
l¢ elopment activities 
Data handling machines and circuits 
High precision optical photographic devices 
Digital and Analog Computers 
Weapons Systems 


SENIOR RESEARCH POSITIONS OPEN FOR 

Manufacturing Engineers 

Physicists 

Electronic Engineers 

Aerodynamicists 

Mechanical Engineers 

Instrument Designer 

Product Engineer 
Starting salary commensurate with ability, semi-annual merit reviews 
promotion-from-within and liberal benefits Included in this unusual 


opportunity 


Nend complete reaume w call in p 
Ail repites held im confidence 


Personnel Department 


MERGENTHALER LINOTYPE CO. 


48 Hall Street, Brooklyn 5, N. Y¥. 





DIGITAL 
ENGINEERS 


for Long-Range Programs 
Airborne Control Applications 


‘ Hlleneing ammi, 
oppor 


© Computer Organization 
® Logical Design 

@ Advanced Circuit Design 
@ Laboratory Development 
@ Packaging and Reliability 
Salary—up to $12000 


fomme 


Manager of Technical Perso 
Dept. 674 


yt, oe 


Division of 
American Bosch Arma Corporatio 
Roosevelt Field, Garden Ci 
Long Island, N.Y 





APPLICATION 
SALES ENGINEER 


Expanding company of Engineers 
and Constructors in challenging 
field of Process Control offers excel 
lent opportunity for professional 
and financial growth 

For sales of complex process control 
systems in Aviation Test Facility 
Chemical, and Allied Process Fields 
Includes customer contact and pro 
posal work. Some travel required 
Send resume to: 


CDC CONTROL 


SERVICES, INC. 
400 S. Warminster Road 
Hatboro, Pa 
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15 miles from Philadelphia 


\ 


REPLIES Bog 
VEW YORK 
CHICAGO 
YAN FRANCISCO , 
LOS ANGELES: 1125 W 





POSITION WANTED 
Physicist-Physician. Do you design machines 


whose performance is limited b humar 

anatomy, physiclogy, or biochemistry’? If 

so, I should like to help you overcome some 

of those limitations I am a combinatior 

physician-physical scientist I have an Al 

with a mathematics-physics major and an 

MD I can translate the fact of human 

biology into language the engineer « 

cal scientist can understand, I 

to help your engineers to desigr 

chines to take fuller advantage o 

plex characteristics of man Available 
PW-1494, Control Engineeriag 





EMPLOYMENT OPPORTUNITIES 


Your Application... 


With your ideas and experience in electroni it's ten to ENJOY THESE CONVENIENCES 


one you feel the need for a stimulating and vital outlet 
@ Delaware Valley, Center of Industrial Activity 


@ Choice of City or Suburban Residence 


Here at Philco we welcome men with creative talent 
@ Unexcelled Transportation st 2 


with real promise for the future 


i ; minute 
en who enjoy seeking out new and unique ways to do 
to Philadelphia's beautiful suburbs 


underwater 


rnings in radar microwave communications 
P 
, ' tertains t Cente 
ordnance, guided missiles and high speed data processing © Abundant Shopping and En ae atta 
Great opportunities in electronic and mechanical industrial @ New Houses, Apartments 


engineering an ! research are open to men who apply now @ Schools and Colleges with Highest Ratings 


Even more Philco has one of the most libera profit @ Near Seashore and Mountain Resort: 


sharing, retirement and insurance programs in all industry @ Many Professional Society Chapters 


Long Range Industrial and Diverse Military Engineering Fields —— 
* Guided Missiles « Radar « TRANSAC Digital Computers « Underwater Ordnance + Bombing and Fire 


Control Systems + Servo-Mechanisms + Microwave Communication Systems + Infra-Red Devices + 
Transistor Circuit Application + Multiplex Equipment « Television Relay Systems + Industrial TV + Color 
Broadcast Equipment + Forward Scatter Communications + Fire Control Systems - REDAP 





Write, Phone Collect, or Apply in person to John P. Morrissey 
. Your Inquiry will be held in Strictest Confidence 


PHILCO CORPORATION 


OVERNMENT AND » PHILADELPHIA 44 
NDUSTRIAL DIVISION PENNSYLVANIA 
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Controls Design 


| Nuclear — — 


Openings in Cincinnati, Ohio 
and Idaho Falls, idaho 


Address replies, stating salary requirements 
to location you prefer 


lly L. A. Munther 
G. E. Co 
P. O. Box 535 


w. 
G. 
P. 
Cin ati, O. Idaho Falls, Idaho 


J. Ke 
E. Co 
wt Box 132 


ft wl nhl 
=a 


JAN: 





MONSANTO 


has opportunities with its Organic Division 
in St. Lovis for 


INSTRUMENTATION 
ENGINEERS 


for automatic process control work in engi- 
neering department. Work involves instru- 
ment application to chemical processes and 
systems engineering design and offers 
opportunities to promote development of 
most advanced completely automatic con- 
trol systems. 


Send outline of qualifications to 


4. E. Russell 
Manager of Technical Employmen t 
Organic Chemicals Division 
800 North Twelfth Stre et 
St. Louis, Missouri 











CHEMICAL 
INSTRUMENTATION 
ENGINEER 





electronics an 





Unusual opportunity to wet i 
pee and dev Slepens ot in ° 
organization = a small compe 
phere where 
produce. 


ecognition goes ~ 


Call, wire, or wrtte 
Mr. Ralph $. White 


LISTON-BECKER PLANT 
BECKMAN INSTRUMENTS, INC. 


649 Hope Street, Stamford, Conn. 
Fireside 8-4281 











EMPLOYMENT OPPORTUNITIES 


TECHNICAL 
REPRESENTATIVES 


LEAR, INC. is expanding its top 
notch Field Service organization to 
keep pace with increasingly wide- 
spread military acceptance of LEAR 
flight control systems and flight refer- 
ence systems. 


Y0 ULL G0 PLACES FASTER in a 


Attractive Salary, 


err ts. A 


liberal expense 
9 ig ts may re- 
quire travel or r at atsigned 
stati Company orientoti prior 
to assignment. 

















Qualifications include: 


1. E. E. Degree or equivalent. 


2. Knowledge of  servomecha- 
nisms, gyros, electronics. 


3. Tech. Rep. experience. 
. Must be U. S. Citizen. 


Spleen: geegagennereenete gat aR ato: 


SIEAAAAAGAaA_vvP Na NS 


To apply, send resume to: 
Field Service Manager 


LEAR, INC. 


110 lonia Ave., N. W. | 
Grand Rapids 2, Mich. — 


LAA 


GUIDED MISSILES 


offer unusual 


Sty 
ye 





job opportunities 


APPLIED PHYSICS 


LABORATORY 


of the 
JOHNS HOPKINS 
UNIVERSITY 


offers an exceptional opportunity to qualified 
men who want te advance themseives profession 
ally in the GUIDED.MISSILE field. The Labo- 
ratory has a reputation for the recognition and 
encouragement of individual responsibility and 
self -direetion 


Our program of 


GUIDED MISSILE 
RESEARCH and DEVELOPMENT 


provides such an opportunity 
for men qualified for 


Electronic Circuit Design and Analysis of Con 
trot 

Hydraulic Servo Mechanisms 

Development and Application of Transistor Cir- 
euitry and Magamops to Control Systems 

Computer Design 

Dynamic Anatysis and Design of Missiles 

instrument Design 

Missile Systems Development 


Please send your resume to 
Professional Staff Appointments 





APPLIED PHYSICS LABORATORY 


THE JOHNS HOPKINS UNIVERSITY 


8619 GEORGIA AVENUE 
SILVER SPRING, MARYLAND 





The development, engineering and manufac 
ture of guided missiles offer many interesting 
and challenging problems to technically trained 
people. Missile engineering is a new, dynamic 
business with long-term potentials and oppor 
tunities for those who get in on the ground 
floor. 

This business of the future, while engaged 
in developing one of our nation’s most im 
portant weapons systems, has many long-range 
commercial applications 

We, at Bendix Products Division—Missiles, 
are fortunate that, 
have the complete responsibility for one of 


as prime contractor, we 


the most important and successful missiles in 
the country 

A thirty-six-page book, “Your Future in 
Guided Missiles", describing in detail the 
many phases of our guided missile operation 
and the job opportunities available to you, 
will be sent to you on request. Write for your 
copy today. BENDIX PRODUCTS DIVISION—MIS 
sites, 404E, Bendix Drive, South Bend, ind 


ELECTRONIC GUIDANCE 
MISSILE SYSTEMS TESTING 
STEERING INTELLIGENCE 
QUALITY CONTROL 
SYSTEMS ANALYSIS 

TEST EQUIPMENT DESIGN 
PROPULSION & HYDRAULICS 
RELIABILITY 

MECHANICAL DESIGN 
COMPONENT EVALUATION 
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EMPLOYMENT OPPORTUNITIES 


DEVELOPMENT 


Honeywell's Aeronautical Division is one of several Honeywell 
Divisions specializing in automatic controls. At Aero the main 
specialties are guidance and automatic flight control of missiles 
and aircraft, airborne instrumentation, airborne servomech- 
anism components and jet engine controls. 


@ Top development positions are open for aeronautical, me- 
chanical and electrical engineers. This means complete design 
and development responsibility for components and systems 
in the field of autopilots, fuel measurement systems, inertial 
guidance systems, vertical and rate gyros, stabilization plat- 
forms, and many others. 


® As a design engineer you will provide technical direction for 
draftsmen, technicians, model makers and evaluation engineers 
essential to the project. An engineering degree or its equivalent 
plus practical experience with related or similar equipment is 
required, 


CONSIDER 
THESE ADVANTAGES 


®@ Minneapolis, the city of lakes and parks, offers you metro- 
politan living in a suburban atmosphere. No commuting. 


@ Your travel and family moving expenses paid 


@ Salaries, insurance-pension programs, plant and technical 
facilities are all first-rate. 


® Honeywell, leader in control systems, manufacturers of over 
10,000 different products, offers unusual diversification and 
variety. A sound growth company, continually expanding, it 
offers permanent opportunity to you. 


WRITE TO US 


if you are interested in a career at Honeywell, call collect or 
send your resume to Bruce Wood, Dept. CE-6-9%, Acronau- 
tical Division, 2600 Ridgway Road, Minneapolis 13. 


Honeywell 
Fouts ian Couto 


CONTROL ENGINEERING 


transistor 
circuit 
engineers 


Salary 
up to $12000 ? 
Commensurate Challenging 
with 


. openings in the 
experience 


field of transistor 
se send resume cireuit design 


ce fide ‘ “ 
in configence $ and development 


Manager of Tech- .. » for applica 
nical Personnel, 
Dept. 674 


tion in fire con 
trol, navigation 
St Me LE and guidance 
systems 
Division utilizing analog 
American Bosch 
Arma Corp 
Roosevelt Field, 
Garden City, 
z. B., BM. ¥. 


and digital com 
puting tech 


niques 





ELECTRICAL SALES ENGINEER 


Salary $450.00 to $700.00. Age 25 t WW 
anil ‘ ‘ 
5.8.5 ancl «juivalent I 
cable bh 


and spl 


4 


230,000, Learn | 
rking in wet 
nh represetita 
and applica t I 
Send ple 
Confidential. No obligatior 


LOGSDON COMPANY 


19 W. Jackson Bivd. Chicago 4, Ill 











ENGINEER 
CONTROL SYSTEMS ANALYST 
ADVANCED AIRCRAFT PROPULSION 


T? emphaasia here is on cer 
nking based or 


sivanced matt! 


Mr. Mark Peters 
Technical Recruiting Building 100 
Aircraft Gas Turbine Division 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 





CONTROL 
ENGINEER 


Opportunities exist for Electrical, 
a 
Mechanical and Aeronautical Engi 


neer with de sign expernence in 





MISSILE STEERING SYSTEMS 
ELECTRO-HYDRAULIC SERVOS 
AUXILIARY POWER UNITS 


TRACKING RADAR SERVOS 


We are pre ently engaged in exten 


Write for 


CORNELL 
AERONAUTICAL 


Labora lary uc 


vt t 


sive research programs on advanced 
uided mussile ystem 
‘ , F \ 





ADVERTISING MAN 
WANTED FOR 
TECHNICAL PRobucTS 


Previous advertising experience not 
necessary but helpful. Must have 
at least two or three years of college 
with courses in engineering and 
technical subjocts and like to write. 
If you have the qualification we 
have an opportunity open for you. 
Man selected will be trained in all 
phases of industrial advertising. In 
your letter of application state age, 
education, positions held, and give 
statement of why you want a career 
in advertising. Location: well-known 


Connecticut company. 


P-1210 Co 
0 W, 42 St 














Assistant Chief Engineer 


Administrative experience or potential an asset 
Moderate size manufacturer electronic and electe 
mechanican testing and measuring instruments. Un 
usual possibilities for young, aggressive engineer 
Starting salary $13,000. Company pays agency fee 
and relocation expense 


MONARCH PERSONNEL 
28 E£. Jackson Bivd Chicago 4, Il! 








EMPLOYMENT OPPORTUNITIES 


“Il chose Stromberg-Carison 
for a new way Of life... 
maybe you should, too” 


Stromberg-Carlson offered me and my 
family so much more than a good salary, 
plus bonus and a flock of fringe benefits, 
that I couldn't say anything but “When do 
I start?” 


There's the Company itself—sixteen times 
bigger today than in 1940—and now a divi- 
sion of the headline-making General Dy- 
namics Corporation. One look at its Re- 
search Lab alone convinced me that here is 
probably the “hottest” electronics industry 
in America today. 


There's Rochester, and its surroundings. 
Right in the heart of the Finger Lakes; only 
four hours from the Adirondacks. Home of 
the Eastman School of Music and Eastman 
Theatre; of world-famous parks; of no less 
than thirteen golf courses; of schools and 
shopping centers unrivalled in the East; of 
scientific industries whose engineers turn 
up as your next-door neighbors. 


Above all there's opportunity. As the 
chap who hired me put it, “This is the spot 
for men who are either stymied in a little 
company, or buried in a giant.” More than 
twenty fields of employment are open—as 
shown by the list to the right. 


I started with a detailed letter of inquiry 
to Howard L. Foote, at the address below. 
Why don’t you do the same? 





Audio Amplifiers 

Auto Radio 

Automation 

Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 

Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 
Writers—Technical 


STROMBERC-CARLSON COMPANY 


A O'rviGion OF CENERAL OVNAMICS 


CORPORATION 


109 Carison Road, Rochester 3, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


Engineers and Scientists: 


RCA...in  ; England 


RCA’s aviation systems 
laboratory... at Wal- | Control Systems 

tham, in suburban fre control, automatic 
Boston, broadens its re- 
search and development 
programs on electronic 
control systems for 
newest supersonic air- 
craft and missiles. 


| flight, se rvomechan- 
| isms, system analysis & 
| synthesis, instrumen- 
| tation, 
Target Sensing 

| radar, antennas, in- 
| frared, optics 
| Digital Computers 

If you are interested in 

any of these programs, | 

send a summary of edu- | 

cation and experience to 

| 

| 

| 


Dr. Robert C. Seamans, ir., Manager 


Aviation Systems Laboratory 
Radio Corporation of America 


systems & logic, pulse 
circuits, transistor cir- 
cultry, programming 
Mathemotical Analysis 
network theory, statis- 
tics, 
Mechanical Design 
heat transfer, shock 
& vibration 


Dept. U-2-F 
225 Crescent St., Waltham, Mass. |_ 


RADIO CORPORATION OF AMERICA 


DEFENSE ELECTRONIC PRODUCTS 


HYDRAULIC 
NEEDS RESEARCH 
ENGINEERS 


To Develop TEST FACILITIES for Jet Engine Fuel 
Control Systems and Components. 


Working with: Test Stands 
High Energy 


Fuels at } Environmental 

Extremes of Test Cells 

Temperatures us 

an 

High Pressures Remote 
> Instrumentation 


Servo Operated Afterburner Fuel Controls, Inlet Temperature and Turbine 
Speed Sensing Electro-Hydraulic Servo Controls. 

Applicant should have B.S. Degree Plus 4-6 Years Experience Relative 
to Hydraulic Engineering, Valve Design, Hydraulic Servos, Instru- 


mentation and Testing of Fluid Control Devices, or Other Associated 
Fields..—-Write to Mr. J. Heffinger, Supervisor of Salaried Personnel 


AC THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WISCONSIN also FLINT 2, MICHIGAN 


CONTROL ENGINEERING 
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SYSTEMS ENGINEERS 


/FOR ADVANCED WEAPONS SYSTEMS 


Join a team of engineers and 
scientists already working on 
stimulating assignments in the 
challenging field of Guidance 
and Control. 


Carry your ‘deas through to 
final hardware and operational 
flight testing. 


Perform creative system studies 
and instrumentation. 


Apply the latest technological 
knowledge in such areas as: 

INERTIAL GUIDANCE @® DYNAMIC ANALYSIS 
BALLISTICS RESEARCH © TELEMETRY 
Salary—wup to $12000 
(Commensurate with experience 
Send resume in confidence to 


Manager of Technical Personnel, Dept. 674 


Fh Le 


Division American Bosch Arma Corp 
Roosevelt Field Garden City, L. 1., N. ¥. 


. % ° 

SOOOCOOOL PTUATUULLULLULALIALTAALUAEL AE ASP nenene 

ELECTRONIC 
ENGINEERS 


Excellent  Seneny with growing divi- 
sion of 1 company expanding in 
industrial automation. 


. PROJECT ENGINEER LEVEL 
. DIGITAL COMPUTER 
. PULSE TECHNIQUE 
. SERVO SYSTEMS 
3-5 years minimum experience required 
TOP SALARIES 


THE AUSTIN COMPANY 
76 9th Ave., N.Y.C. WaAtkins 4-3630 


eseveceneneneonce. sAUUVEETIIEVITIUILIIITITITIITEEIE ED as sessevnsnseseveds 


ELECTRONIC 
ENGINEERS 


GROWTH OPPORTUNITY 
with expanding electronics or- 
ganization, Fuscinating work 
on urgent development pro- 
grams in the fields of digital 
pulse computers and communi- 
cations, video processing, spec- 
jal purpose television, servos, 
radar and applied optics. 

Send resume to Chief Engineer 


SKIATRON 


Electronics & nantes wae 
180 Varick St., Y 


AUEVUEVERUALUELUELEVETTNETOEE nes seneesveneenene= 


7 
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SUPERVISORY 


Southern California missile manufacturer 
located in suburbon area. Has opening 
for Dynamics Supervisor with extensive 
physics and engineering background. Must 
be versed in the application of theoretical 
and computer techniques for the solution 
of problems in missile guidance, control 
shock, vibration and flutter 


P-1709, Control Engineering 
68 Post St., San Francieco, Calif 














EMPLOYMENT OPPORTUNITIES 


engineer, design 





ADVANCED DESIGN GROUP 
AIRCRAFT NUCLEAR 
PROPULSION PROJECT 





At General Electric's ANP Depart 
ment esprit de corps is part of the 
work-environment. This is because 
the application of nuclear power for 
aircraft propulsion offers the qual 
fled engineer the opportunities for 
persona! achievement that go 

with professional! challenge 





A responsible position is now open 
for an engineer interested in this 
field: must have an engineering 
degree, several years diversified 
experience in analysis and design of 
power plant components, including 
design of nuclear reactors. The job 
carries the responsibility for prelim- 
inary design analysis of power planta, 
and directing completed scale de 
sign and layout drawings of power 
plants and equipment 


Publication of research results in the 
appropriate classified or oper 
literature is encouraged 








OPENINGS IN CINCINNATI, OHIO 
end IDAHO FALLS, IDAHO 
Address replies, stating salary requirements, 
to location you prefer: 

W. J. Kelly 

G. E. Co. 

P. ©. Box 132 

Cincinnati, O. Idaho Falls, Idaho 











GENERAL G@ ELECTRIC | 





ENGINEERS sky 
PHYSICISTS | we 


our 
tronic control division. 
This is challenging work on a wide | wo rid 


variety of small e ro-mechanical con- 
trol devices, servo-mechanisms, trans- 
ducers, gneti m plifi computors, 
transistors and electronic circutry. 

We are looking for outstanding young | | From advanced research into the fundamental 
engineering graduates with 5 to to years | . , " 
experience in one or more of the above forces of the universe—gravity, nucleonics, astro- 
fields. 

Why not contact us for further information | 

regarding the unusual opportunity we stones into space itself, Martin engineering activities 
have for you? Please send resume to 
Mr. Richard E. Engdahl. are among the most exciting in the aircraft industry 


SWARTWOUT CO. today 
18511 Euclid Av. Cleveland 12, O. The sky is our world, and outer space is the next 


frontier! 


deA 


You are for develop t staff 








physics—to the launching of man’s first stepping 








If you are interested in learning the lory of a 


great engineering adventure, which includes some of 
SECTION ENGINEER the most advanced projects now in the research and 


$8,000.00 to $15,000.00. Bmall electrical motors. Age deve lopme nt ata ge contact J M Hol ydau De pt 
to 56. Supervise: Development, design, manufac . , 4 

ture, cost control, customer contact, and applica CE-06. The Martin ( ompany Baltimore 3. Maryland 
tion of small fractional and/or electric motors and P ’ 
motor parts to: manufacturers of portable hand 
tools, for use in portable hand tools and/or air 
craft products. Must have a minimum of 5 years 


experience in electrical motors. A permanent posi 

with a leading midwest manufacturer Send two 

(2) copies of employment history in resume form 
State salary wanted. Confidential. No obligetion 

Cc. BR. Logsdon Company, 19 W. Jackson Bivd 

Chicago 4, Dlinois 


TAKE—KEEP—TELL—A—FRIEND as aa le TT linNA aS: fF S&S 
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there's no IF in YOUR professional future 
IF you join an engineering team where 


THERE iS "GROUND FLOOR’ OPPORTUNITY TO PROGRESS 
WITH A RAPIDLY-GROWING COMPANY 
© the educational level is unusually high, and you are associated 
with outstanding men who help you grou 
© all work is challenging and stimulating 
YOU'LL © develop your full professional potential © 
* advance in position, prestige and income 
* find your scientific assignments rewarding and satisfying. 





Litton Industries of Beverly Hills, California, has openings on such an 
engineering team for seasoned engineers of proven creative ability. These 
positions offer exceptional engineering opportunities in military, 

industrial and commercial electronic 





RADAR AND ADVANCED COUNTERMEASURES « MICROWAVE ENGINEERING 

SYSTEMS ENGINEERING + VERY WIDE BAND AMPLIFIER TECHNIQUES « INERTIAL GUIDANCE 
DIGITAL COMPUTERS AND CONTROLS « PRECISION COMPONENTS 

SERVOMECHANISMS « ADVANCED CIRCUITRY 








Men who have demonstrated the capacity for genuine 
creative work, are invited to write in confidence to the Personnel 
Manager, Electronic Equipment Division. 








LITTON 


INDUSTRIES 


336 NORTH FOOTHILL ROAD «+ BEVERLY HILLS, CALIFORNIA 














ENGINEERS 


ELECTRICAL MECHANICAL 
INDUSTRIAL 


There are excellent opportunities with a medium-sized, well-established manufacturer of 
automatic controls, where recognition is given and advancement is based on individual 
performance, Our company is continually growing in size due to increased business 
and new products; therefore, very desirable openings develop frequently for young men 
with management potential. It is our policy to promote from within whenever possible 
We are large enough to offer opportunity to the young man who wants to advance, 


yet we are not so large that the engineer is not given recognition as an individual 


Our automatic temperature controls division produces controls for use in the air-condi 
tioning, heating and refrigeration field. This division offers challenging opportunities 
for engineers interested in design, development, application, methods, time study, 


quality contro!, production supervision and sales 


Our armament division is engaged in research, design and development of aircraft and 
missile guidance and control systems, servo systems, and reactor monitoring systems. 
Systems engineers, electronics and mechanical development engineers, physicists and 


specialists in applied mechanics are needed for advanced work on armament projects 


We offer full-tuition refund for approved educational courses taken by our employees 


WHITE-RODGERS COMPANY 


Apply in Person or Write to Employment Manager 


1201 CASS AVENUE ST. LOUIS 6, MO. 
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CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. To figure 
advance payment count 5 average words to 
a line. 
DISPLAYED RATE 


The advertising rote is $17.80 per inch for all 
advertising appearing on other than controct 
basis. Contract rates quoted on request. 


RELAYS 


MINIATURE AIRCRAFT * FE 
TELEPHONE TYPE * HERMETICALLY 
SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN »* 
ALLIED * SIGMA ® LEACH and many others 


ao STOCK OF RELAYS IN THE WORLD 4 
PRODUCTION QUANTITIES IN STOCK 


Send for our latest bulletin C 

















() 324 CANAL ST. N.Y.C. 13, N.Y. WAlker 5-9642 
MIVEFSA! generalcorp. 


MAY WE HAVE YOUR ATTENTION? _. 


The “CONTROL TRANSMIT- 
TER” serves as an active mar- 
ket place for buying and sell- 
ing used and surplus elements 
and components of control sys- 
tems. It will be consulted regu- 
larly by prospective buyers of 
such equipment offered by in- 
dividual plants or dealers. 


If you have used or surplus ele- 
ments and components of con- 
trol systems lying around idle 
in your plant, you can help 
other readers of the ‘““CON- 
TROL TRANSMITTER” who 
need such equipment by bring- 
ing it to their attention. 


You may find bargains in hard- 
to-get components through the 
dealers advertising in this sec- 
tion. Make the reading of 
“CONTROL TRANSMITTER” 
a monthly habit. 


ee ee ee  sT 
——— 








® Research 
® Testing 
® Design 
® Patents 





Instrumentation 
Control Systems 
Economic Studies 
Management 








GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Electronic Controls Electronic [’rocessing 

Teleniet ering Communications Microwave 

Television Design Developmen! Research 
Application 

N. WwW Washington 6. D ¢ 

EXecutive 3-1230 








APPLIED TECHNOLOGY 
niultant and Devel spment Engineer 
INDUSTRIAL ELECTRONICS CONTROLS 

Photo-cell cor systems, test equipment, cu 
electronic and agnetic amplifiers and power sup 
plies, analog and digital circuitry and applications 


i 2 Baldwin, New York 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 


I RICAL - ELECTRONIC 
HY DRAULAC MECHANICAI 





Glen Cove, > 


Glen Cove 4 00 








SVERDRUP & PARCEL, INC. 
Engineers—Architects 
prehensive Control Engineering S« 
analysis and le ool = - a 
al s or ‘pet leun refiner es 

test facilidies and 


Ss baru 














CONSULTANTS 


When you are represented in 
the PROFESSIONAL SERVICES 
SECTION of CONTROL ENGI- 
NEERING, you are contacting 
the executives who are respon- 
sible for calling in the experts. 


For further information on how 
to reach these executives, write: 


Professional Services Section 
Control Engineering 


330 W. 42nd Street, 
New York 36, N. Y. 














EMPLOYMENT OPPORTUNITIES 


INSTRUMENTATION 


and 


CONTROL ENGINEERS! 








Here’s why 


you Il do better 


DOW 


Lifetime opportunity and challenge 
Dow is one of the largest and fastest-a 
companies in the world. A ininstrumentation « 
engineer, this means countl opportuniti 
Your contributions will be recognized—and 1 

“Plus Value"’ working conditions 
Over 600 product vive Dow a stable empl: 
Promotion from within is a. traditional 
Salaries are reviewed at least once a year. Vs 
sharing, group insurances even continu 
opportunity ure just a few of the fringe 

Vacationland living 
Called the “Gateway to the North relaxed ell-planned 
Midland is located in the heart of Mic! in famou 
hunting, fishing, skiing and resort counts ‘oO parking 
problems .. . five to ten minutes to work! 
Make your decision now 

to investigate this extraordinary opportunity for a better 
job—and a better life—at Dow. Write THE Dow CHEMICAL 
company, Midland, Michigan, Technical Employment Dept. 
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ADVERTISING IN THIS ISSUE 


R. M. H. BERG Advertising Sales Manager 
W. C. CARMICHAEL Production Manager 


ATLANTA 3: 

William D. Lanier, 1321 Rhodes-Haverty Bldg., WAlnut 5778 
BOSTON 16: 

George S$. Baird Jr., 350 Park Square Bidg., HUbbard 2-7160 
CHICAGO 11: 

John G. Zisch, 520 N. Michigan Ave., MOhawk 4-5800 

CLEVELAND 15: 

John C. Mitchell, 1510 Hanna Bidg., SUperior 1-7000 

DALLAS 2: 

Gordon L. Jones, Douglas Billian, 1020 Adolphus Tower Blidg., PRospect 5064 
LOS ANGELES 17: 

Gene A. Fruhling, 1125 W. Sixth St., MAdison 6-9351 

NEW YORK 36: 

Robert W. Obenour, 330 West 42nd St., LOngacre 4-3000 
PHILADELPHIA 3: 

W. F. Buenl, Architect’s Bldg., 17 & Sansom Sts., Rittenhouse 6-0670 


SAN FRANCISCO 4: 
T. H. Carmody, R. C. Alcorn, 68 Post St., DOuglas 2-4600 


. - about Design 
Breadboards 


Flexibility i» one of the most important 
qualities in « design breadboard 
Over 250 standard components and parts» 
make each new, improved Servoboard ® 
electro-mechanical assembly kit one of the 
most flexible breadboards you can purchase 
It in easy to teat « Ititude of original . . . . . 
wt se euahdia ceaiiaiy aie died A Crucible Steel Co. of America 
; ' ion Curtiss-Wright Corp. 
Acro Switch Div., Acro Mfg. Co. 157 8 I 
Acton Laboratories, Inc. 146 
Adams & Westlake Co., The 56 D 
Airpax Products Co. 19 a 
. ’ ef ave A., “4 
Askania Regulator Co. ] er Rca 
Assembly Products, Inc. 170 es: a meatier _ 
. ’ ay ac >LO ° 
Atomic Instrument Co. 126 wenger ber I 


Autonetics Div., North American Decker Aviation Corp. . 
Aviation, Inc. 163, 187 Diehl Manufacturing Co. 


Dixon Corporation 


designs with the wide variety of Servo 
board components. Among the standard, 
precision parts are 14 pre-bored hangers 
which aceept over 150 standard electronic 
servo Components “a complete line of 
spur and pinion gears available in either 
wolid set screw or aplit hub and such 
brand new components as magnetic 
clutches differentials shaft adapters 

limit stope adapter gears anti 
backlash gears —terminal assemblies —dial 
assemblies and calibrated inertia load dises 

Servoboard electro-mechanical assem 
bly kits are being widely used for the de 
sign and test of guidance and control 
systems; high accuracy analog computer 


sub-amemblies; instrumentation; servo 


mechaniams; motor drives; gear trains; 


Baldwin-Lima-Hamilton ; 

Barber-Colman Company Eaton Mfg. Co., Dynamatic Div. 

Barksdale Valves Edin Co., Inc. 

Bendix Aviation Corp. ElectroData Corp. 
Computer Division Electro Products Labs. 
Friez Instrument Division Electronic Associates, Inc. 
Pacific Division Electronic Engineering Co., of 

Bochme, Inc., H. O. California 

Borg Corp., The George W. Electrons, Incorporated 

Brush Electronics Company. . 52, eo — 2c 

Bryant Chucking Grinder Co. Elgin | ational Vatch Co., 

Buffalo Meter Co. : Electronics Div. 

Burroughs Corp., Electronic 
Instruments Div. 

Byron Jackson Div. Borg-Warner 
Corp. ' 


timers; and regulators 

The economical Servoboard kits come 
in three models to meet every design and 
teat need from the basic essentials to the 
most complex applications. Parts and 
components can be purchased separately 

For the full story on the new Servo 
board kits and components, please fill in 
your name and title in the section below 
Attach it to your company letterhead and 
mail it to me. You will receive a 16-page, 
fully illustrated brochure by return mail 


Yam ey 
B Engineering 
fa 


F 


Services 

Fairchild Controls Corp. 51 

Farnsworth Electronics Co. 155 

Fischer & Porter Co. Fourth Cover 
c Ford Instrument Co., Div. of 

Caledonia Electronics & Sperry Rand Corp. 18 

Transformer Corp. Freed Transformer Co., Inc 188 


EBlectro-mechanical 
# Ho ——— Control Systems 
. | and Components 


for Industry by 





fotel Talel 7 wale]. 
» aw Century Electronics & 
Instruments, Inc. 153, 


Lloyd Knight, Dept, K-86 Clarostat Mfg. Co., Inc. 
ervo Corporation of A ’ . * . . . 
j 20 20 jericho Tpke oNew Hyde Park, L.1., NY | Comar Electric Co. G-M Laboratories, Inc. 


G 


Please send me more information on Consolidated Electrodynamics General Electric Co. 
Servoboard " 37 . ° 
roateee Corp. /, Apparatus Sales Div. 

Control Products, Inc. Electronics Div. 


Cramer Co., Inc., The, R. W. Tube Department 
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ENGINEERS 
AND 
PHYSICISTS 


for 


AIRBORNE 
GUIDANCE 
and 


AUTONAVIGATION 
SYSTEMS 


Development and Design 
of Gyros and Accelerometers 


inertial Components Evaluation 
and Test Equipment Design 


Basic Analysis to Final Test 
on Complex Servo problems 


Development and Design of 
Transistorized power supplies 


Shock and Vibration Mounts; 
Pressure and Temperature Controls 


Transistorized analog and digital 
computer development and design 


Systems Engineering 


Electronic and Mechanical 
Research Specialists 
The scientist with an inquiring 
mind and a bent for analysis, 


development or experimentation) 


System Installation Design 
(Electro-Mechanical packaging 
including Printed Circuits, 
Cooling Systems, Main Structures 


Inter-cabling, etc.) 


the challenge appeal t 
like to live in $ 
Then please 
Write: Mr. R. € 
sineering Personne 
9971-20 CON 12214 


Bivd Downey alif 


Autonetics 4) 


AUTOMATIC CONTROLS MAN 
HAS NEVER BUILT BEFORE 


General Mills, Inc. 
Genisco, Inc. 
Guardian Electric 


H 


Hartford Steel Ball Co., Inc. 
Haydon Mfg. Co., Inc. 
Hewlett-Packard Co. 
Hunter Manufacturing Co. 
Hupp Electronics Co. 


Induction Motors Corp. 42 
International Business Machines 143 
International Resistance Co. 137 


J 


Jet Propulsion Lab. Div. of Cali 
fornia Institute of Technology 139 


Kearfott Co., Inc. 

Kellogg Switchboard & Supply 
Co. 33, 

Knights Co., James, The 


Kollsman Instrument Corp. 


Leslie Co. 133 
Librascope, Inc. Second Cover 
Liquidometer Corp., ‘The 

Lockheed Aircraft Corp. 

Lockheed Missile Systems Div. 


M 


Magnetic Amplifiers, Inc. 
Manning, Maxwell & 
Moore, Inc. 
Marsh Instrument Co. 
Master Electric Co., The 
McGraw-Hill Book Co. 
Micro Switch Div., Minneapolis 
Honeywell Regulator Co. 
Minneapolis-Honeywell Regulator 
Co., Industrial Division 14, 
Muirhead Instruments, Inc. 
Mycalex Electronics Corp 


N 


NJE Corporation 
North Electric Co. 


° 


Ohmite Manufacturing Co 
Oltronix 


3 

These 3 
Sensing 

“F ingers 


Convert 
Motion to 
Electrical 

Signals 


New Electro Energy 
Transducers tor Extra 
Sensitivity, High 
Temperature and 
Limited Space 
Requirements 


Without 


cont 


Complete Line of Transducers for 
Speed, Control, Counting Meas- 
wrements! Send for Bulletin Tell. 
ing How They Can Work For You! 


tom teveuew 


ELECTRO PRODUCTS LasORATORIES 
4501- Nerth Ravensweed, 
Chicege 40, ii 


Conada: Atias Radic Lid. Toronto 
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ED 


For IMMEDIATE DELIVERY 
MAGNETIC AMPLIFIERS 


FAST RESPONSE 
MAGNETIC AMPLIFIERS 


2~ response Phase reversible 


Supply | Power | Volt. 
Cat. A Out. | 

Me. | CPS. | Watts | ¥. AC | Rin 
wars | oo | 19 | 10 1 
ware s75| 12 


etait 


MAGNETIC AMPLIFIERS 

Push-pull Phase reversible 
T 
ca. [ote Sse | sot | Seah’ bee: 
Ne. |C.P.5, | Watts | V. AC \outp. MA- a @ 
aP-t | 5 12 12 
AP -2 . | 98 160COU| 24 
ard 5 | 20 | 05 

mar-3-1 115 os’ + oe 
maP4 | 16) 60 | 60 

4 .| 18 los 28 





4 











, 
MAP se ] T 110 | 1.78 La 06 


Send for complete Transformer 
and Laboratory Test instrument Catalogs 


For information or consultation with 
our engineering staff, write to: 


1709 Weirfield Street 
Breoklyn (Ridgewood) 27, New York 





Parts made of 


Dixon RULON 


never 
need lubrication 


Specify RULON for — 

* VERY LOW FRICTION 

* HIGH WEAR RESISTANCE 

* GREAT CHEMICAL INERTNESS 


* EXCELLENT DIELECTRIC 
PROPERTIES 


* GOOD HEAT PROPERTIES 
UP TO 350°- 500°F 


Rulon is inherently slippery, requires no 
lubrication, This remarkable plastic offers 
most of the advantages of Teflon but has 
far greater wear resistance and better 
resistance to cold flow. 

If you need one or all of Rulon’s special 
properties for bearings, bushings, slides, 
guides, cam followers, washers, spacers, or 
other parts — consult us without obligation. 
We supply both Rulon and Teflon in rods, 
tubes, sleeving, tape, extruded and molded 
shapes. Write for detailed information. 


DIXON CORPORATION 
BRISTOL 5, RHODE ISLAND 











188 CONTROL 


ENGINEERING 


v 


Parker Appliance Co., The 

Partlow Corp., ‘The 

Perkin-Elmer Corp., 
Vernistat Div. 

Philbrick Researches, Inc., 
George A. 


RBM Diy. Essex Wire Corp. 
Radiation, Inc. 
Radio Frequency Labs., Inc. 
Remington Rand Univac Div. of 
Sperry Rand Corporation . 104, 
Rheem Manufacturing Co. 
Robertshaw-Fulton Control Co. 
Fulton-Sylphon Div. 
Rocketdyne Div. North American 
Aviation, Inc. 


s 


Sanders Associates, Inc. 
Schutte & Koerting Co. 
Servo Corp. of America 
Servomechanisms, Inc. 
Sigma Instruments, Inc. 
Sola Electric Co. 

Sorensen & Co. 

Standard Electrical Products Co. 
Statham Laboratories 
Stevens-Armold Inc. 
Superior Electric Co., The 


T 


Taylor Instrument Companies... 127 
Technitrol Engineering Co. 164 
Technology Instrument 

Corp. Third Cover 
Transicoil Corporation 122 


Ww 
WacLine, Inc. a 
Waters Manufacturing, Inc. ... 130 
Weatherhead Co., The 49 
Westinghouse Electric Corp. 116 
Westronics, Inc. 168 


*ROFESSIONAL SERVICES 


CLASSIFIED ADVERTISING SECTION 
F. J. Eberle, Business Mgr 


EMPLOYMENT OPPORTUNITIES 176-185 
CONTROL TRANSMITTER 184 
Equipment 


(Used or Surplus New) 
For Sale 


Transmitter constantly 
converts DC mv from ther- 
mal converters, etc. to 10- 
30 cps which frequency 
modulates an audio tone 


HIGH-SPEED 
. channel. Receiver detects 
Continuous and demodulates trans- 
mitted signal, generating 
for a DC mv for opera- 
POWER tion of recorders or 
PRESSURE = indicating instruments. Up 
HumipiTy ‘°° 45 telemeters can be 


multiplexed. Any com- 
POSITION munication link, including 
VOLTS 


power line carrier, may be 
SPEED, ETC. used. Overall accuracy is 
1% with a response speed 
of 1 sec. 

Other terminals for tel 
etype, voice-plus-control & 
data transmission are 
available. 


‘Write for Technical and Applicction Data” 


Kado Frequency | 


LABORATORIES, INC. 


Boonton, New Jersey, U.S.A. 

















HUNIER 








ONE 
COMPACT 
UNIT 


The Hunter KLOCKOUNTER does of 
timing clock and a counter The KLOCKOUNTER. wi ait 
count events at a rate of 2000 

‘tervals in unite one-tenth, one hun 
one-theusandth of a second can be me 
“igoue’ NTER is complete! silent in Sporation 

The Hunter KLOCKOUNTER is an instrument which 
will meet your most exacting requirements for qua! 
ity, performance, reliability, and serviceability 

You save when purchasing a KLOCKOUNTER Yeu 

counter all in one compact 
‘ And 
of other Hunter equipment by 


tt is important te you and you'll always 
be glad you did 


HONIER |=) 


MANUFACTURING COMPANY 
930 South Linn St lowe City, lowe 
































Set 2 7 


Where specs.are tight... | 





P336 
Rees 
sToe 








Designed for those applications where less than the best 
means failure ... by the world’s first and leading manufacturer of 
precision single-turn wire-wound potentiometers. Advanced production 
and quality-control techniques by the pioneer in mass production 
of precision potentiometers offer unequalled delivery ... of proto- 
type and production quantities. 





All models of the TIC Ball-Bearing Series are designed to the 
latest industrial dimensions. Servo mounting is AIA standard. Stainless- 
steel ball-bearing construction is used for low-friction low-torque 
operation. Other precision mechanical features include precious-metal 
slider contacts ... centerless-ground stainless-steel shaft ... and one- 
piece stainless-steel clamp ring developed by TIC for simple, precise 
phasing of individual units of ganged assemblies 

















Designed for precision applications in automatic control systems, 
the subminiature ST09, for example, features standard independent 
linearity of 4 1% (0.3%, sper ial) of the total resistance, and 4 5% stand- 
ard total resistance accuracy. High resolution equivalent noise resist- 
ance less than 140 ohms ... wide standard temperature range (—55°C 
ppmmennrrnn ya ttesri=fryr=rrrryrrrrypmmenhe to 80°C) increases application versatility. ST09 is available in standard 

YETY —Dratyetion resistances of 100, 200, 500, IK, 2K, 5K, LOK, and 20K 




















Full specification on the ST09 and other units of the TIC pre- 
cision ball-bearing series available upon request 





nana 
523 Main Street, Acton, Mass. 


TECHNOLOGY INSTRUMENT CORP. 


POpler 5-8620 





BEFORE YOU VOTE 


check this candidate 
for accurate 
flow measurement 


Standardizing on one line of flowmeters 

has many benefits. But befo.e you vote for a 
specific line of meters check all the advantages 
of F&P 1700 Series Flowrator meters. More and 
more companies are voting F&P meters 


their standard. Here are a few reasons why: 





The Rugged Enclosure of the 1700 Series 
flowmeter provides wide-angle 130° visibility, 
increased strength, attractive appearance and 
freedom from tube stress. 





One Basic Design permits three types of 
enclosures, 360° “rotability” of connections, 
interchangeability of parts and packing, 
and ease of maintenance. 





The Built-in Mounting feature requires no additional 
accessories for front or rear panel mounting 








Maximum Corrosion Resistance is assured by a 
choice of more than 20 materials of construction 
and the all-stainless steel enclosure 








Readily Available from warehouses in Hatboro, 
Houston, Los Angeles Chicago, or Toronto. 





The Dependable Performance of F&P Flowrator 
meters has made them the accepted standard 
throughout industry for 19 years. 








Compare, consider, try—and then pick your choice for stand- 
ardization. We're sure you'll vote a straight F&P ticket. 


FP FISCHER & PORTER 


In Canada 


766 County Line Road, Hatboro, Pa. Fischer & Porter (Canada) Ltd 


Toronto 16, Ont 





Write for Catalog 10-A-25 completely dé 


acribing the 1700 Series Flowrator meter 





